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PREFACE. 


In  the  Author's  capacity  as  an  analytical  chemist, 
engaged  in  the  laboratories  of  railway  companies,  he 
has  frequently  heard  it  remarked  by  pupils,  whether 
in  chemistry  or  in  engineering,  as  well  as  by  practis- 
ing engineers  and  others,  that  a  work  which  should 
give  precise  methods  for  analysing  and  valuing  the 
most  important  of  the  materials  in  general  use  by 
engineers,  would  be  of  great  service.  Having  him- 
self also  felt  the  want  of  such  a  book  when  a  student, 
he  has  utilised  a  portion  of  his  leisure  time  in  col- 
lecting the  materials  for  the  present  work,  which 
he  trusts  will  meet  with  general  approbation,  and  be 
found  to  sufficiently  answer  the  purpose  for  which  it 
has  been  written. 

It  will  be  observed  that  Reddrop^s  "  equivalent 
system  "  of  reagents,  of  which  the  Author  has  now 
had  seven  years'  experience,  is  used  as  far  as  possible 
throughout  the  work.  This  system  he  considers  pre- 
eminently the  best  for  adoption  in  analytical  chemis- 
try, insuring,  as  it  does,  accuracy  and  uniformity  of 
results,  and  limiting  the  "  personal  equation  "  to  a 
great  extent.  He  is  indebted  to  the  courtesy  of  Mr. 
W.  Crookes,  F.R.S.,  and  of  Mr.  Reddrop  himself,  for 
the  full  description  of  the   system  as  given  by  its 
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author  in  the  Chemical  News  of  May  23rd  and  30th, 
1890. 

Many  of  the  methods  of  analysis  given  in  the  fol- 
lowing pages,  as  far  as  the  strength  and  volumes  of 
solutions  are  concerned,  were  worked  out  by  the 
writer  when  acting  as  Chief  Assistant  in  the  Labora- 
tory of  the  Great  Western  Railway,  under  the  direc- 
tion of  Mr.  F.  W.  Harris,  F.I.C.,  to  whom  he  desires  to 
acknowledge  his  indebtedness  for  much  of  his  know- 
ledge of  chemical  analysis.  He  has  also  to  express 
his  obligations  to  the  authors  of  the  various  published 
works,  papers  in  the  Proceedings  of  Societies,  etc., 
which  have  been  consulted  by  him,  and  to  which  in 
many  cases  direct  reference  is  made  in  the  body  of 
the  work. 

The  substance  of  a  smaller  work*  which  the  Author 
had  cilready  published,  and  which  has  been  very 
cordially  received  by  chemists  and  engineers,  has 
been  embodied,  with  some  slight  additions,  in  this 
volume  (Part  III.). 

In  conclusion,  he  would  say  that  if  the  present 
work  prove  acceptable,  he  will  gladly  avail  himself  in 
future  editions  of  any  suggestions  with  which  he  may 
be  favoured  by  any  of  his  readers,  or  for  which  he 
may  be  indebted  to  notices  of  the  book  in  the  public 
press. 

London, 

yuly,  1891. 

•  "Fuels — Solid,  Liquid,  and  Gaseous :  Their  Analysis  and  Valuation." 


PREFACE  TO   THIRD   EDITION. 


-•-•-•- 


The  Second  Edition  of  this  work  having  run  out  of 
print,  the  opportunity  has  been  taken  of  bringing 
the  contents  more  completely  up  to  date.  In  the 
result,  the  work  will  be  found  (in  comparison  with 
the  First  Edition  of  1891),  to  have  been  increased  by 
more  than  120  pages,  including  about  30  new  illus- 
trations. 

The  principal  addition  to  the  present  issue  is  the 
fiilly  illustrated  section  upon  the  Microscopical 
Examination  of  Iron  and  Steel,  for  the  substance 
whereof  I  am  indebted  to  Mr.  J.  E.  Stead,  F.I.C.,  of 
Middlesbrough.  Other  additions  include  particu- 
lars of  Hampe's  Method  for  Estimating  Oxygen  in 
Copper ;  Hehner's  Bromine  Thermal  Test  for  Oils ; 
the  Pensky-Marten's  Flash-point  Apparatus;  Red- 
wood's Apparatus  for  Testing  Air  for  Inflammable 
Vapour ;  the  Fluidimeter,  an  instrument  of  my  own 
design  for  ascertaining  the  fluidity  or  viscosity  of 
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several  oils  at  the  same  time;  the  Home  Office 
Tests  for  Determination  of  Stability  of  Explosives, 
etc.,  etc. 

It  is  hoped  that  the  work,  in  its  present  revised  and 
enlarged  forip,  will  continue  to  receive  the  kindly 
appreciation  of  its  merits  shown  by  students  and 
others  since  its  first  appearance. 

London, 

December^  1901. 
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INTRODUCTORY  CHAPTER. 

RsDDROP's  System  of  Reagents. 

I  THINK  it  will  be  generally  agreed  that  many  of  the  text 
books  and  standard  works  on  Analytical  Chemistry  rely  rather 
too  much  on  the  discretion  of  the  operator  as  to  the  strength 
and  volume  of  the  solutions,  Sec,  which  are  to  be  employed  in 
the  work  of  analysis ;  and  if  the  analyst  attempts  to  follow 
new  methods  as  he  finds  them  described  in  scientific  perio- 
dicals, it  is  often  very  difficult  to  obtain  such  satisfactory  results 
as  the  authors  of  such  methods  claim  for  them,  owing  to  the 
want  of  a  precise  and  universal  system  of  detailing  the  modus 
operandi  of  the  processes. 

The  discordant  results  of  analysis,  often  obtained  by  different 
chemists  operating  upon  the  same  sample,  are  much  to  be 
regretted ;  and  as  the  discrepancies  are  mainly  due  to  differences 
of  working,  it  is  to  be  hoped  that  something  will  soon  be  done 
to  systematize  methods  of  analysis  generally,  so  that  there  may 
be  no  excuse  for  differences  of  result. 

A  practical  insight  into  chemistry,  as  affecting  engineering,  is 
now  considered  essential  for  the  complete  education  of  an  en- 
gineer. Asa  pupil,  the  young  engineer  serves  from  three  to  six 
months  in  the  works'  laborator}',  and  a  precise  description  of 
the  methods  of  analysis  of  materials  coming  under  the  cog- 
nisance of  the  practising  engineer  should  prove  of  great  ser- 
Yi(:e  to  an  engineering  pupil,  as  well  as  z,  means  of  relief 
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to  his  tutor,  who  is  often  preoccupied  otherwise  than  in 
teaching. 

The  two  main  points  to  be  considered  in  describing  a 
method  of  analysis  are,  (i)  The  strength  of  reagents  used ;  and 
(2)  The  volume  of  reagents  employed.  It  therefore  becomes 
necessary  to  have  a  stock  of  reagents  of  definite  strength  at 
hgnd  in  the  laboratory.  As  a  general  nil^»  iq  instructions 
for  analysis,  the  specific  gravity  of  the  desired  solution  or 
one  part  of  a  strong  reagent  diluted  so  many  times,  is  re- 
ferred to  cs  a  means  of  indicating  the  solution  to  be  employed; 
but  this  mode  of  expressing  strength  is  not  yttj  definite  or 
convenient.  The  best  system  of  reagents  with  which  I  am 
acquainted  is  that  devised  by  Mr.  J.  Reddrop,  F.I.C.,  the 
chemist  of  the  London  and  North-Western  Railway.  This 
system  (it  will  be  found)  has  been  followed  as  far  as  possible 
throughout  this  work,  my  own  experience  having  led  me  to 
fully  endorse  the  claims  of  its  author  (see  fost^  page  14)  as  to 
the  advantages  to  be  secured  by  the  employment  of  the  system. 

In  the  year  1877  (Mr.  Reddrop  states)  he  introduced  into 
the  new  laboratory  at  Crewe  a  number  of  reagents,  the  strength 
of  which  was  based  on  the  chemical  equivalents.  Thdir  use 
was  subsequently  extended  until  it  included  almost  all  tlie 
reagents  in  the  laboratory,  and  the  advantages  derived  there- 
from w  ere  found  to  be  so  decided,  especially  in  chemical  anar 
lysis,  that  they  are  now  employed  in  all  investigation's  at  the 
Crewe  laboratory,  and  also  at  the  laboratories  of  the  Great 
Western  Railway  at  Swindon,  and  the  Great  Eastern  Railway 
at  Stratford. 

Subjoined  is  a  full  description  of  the  system  as  given  by  Mr. 
Reddrop  * : — 

Beddrop'3  System  of  Chemical  Beagents  Based  on  tho 

Equivalents  of  the  Elements. 

An  equivalent  reagent  may  be  defined  as  one  which  contains  a 
milligram  equivalent  of  reacting  substance  in  one  cc.  of  solution, 
or  a  grm.  equivalent  in  one  litre.    A  solution  of  this  strength 

♦  \'At  Chimi  al NewSy  May,  1890. 
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is  called  an  equivalent  solution,  or  an  equivalent  reagent,  and  is. 
denoted  by  the  symbol  £,  e.g,^  £  sodium  carbonate  represents 
a  solution  conjtaining  53  m>grins ,  =0-053  grm.  in  1  cc.,,or  53 
grms.  in  i  litre.-  I  twill  be  observed  that  this,  is  not  a //nWa^f 
solution^  but  one  containing  parts  by  weight  (m.grms.)  of  sub- 
stance, in  parts  by  volume  (cc.)  of  solution.  The  strengths  of 
all  the  reagents  are  expressed  in  terms  of  E,"^  thus  the  strength 
of  sulphuric  acid,  sp.  gr.  1*84,  is  approximately  36  £;  strong 
nitric  acid,  sp.  gr.  1*42,  is  about  16  £;  and  strong  hydrochloric 
acid,  sp.  gr.  1*16,  is  about  10  £.  Many  of  the  reagents  em- 
ployed are  made  of  E  strength,  but  in  some  cases  the  substance 
is  not  sufficiently  soluble  to  make  an  E  solution,  and  conse- 
quently some  fractional  part  thereof  has  to  be  adopted  instead. 

E  E  £ 

Thus  we  have  —  hydrogen  sulphide,  —  calcium  oxide,  -  cal- 

cium  sulphate,  z. —  strontium  sulphate  (test  for  tarium).     The 

fractional  indices  may,  if  preferred,  be  expressed  dacimally, 

thus  —  or  0*6  E.    All  E  reagents  are  equal  in  precipitating  or 

quatUitaiive  reacting  power.  For  example,  if  we  have  a  quantity 
of  lead  salt  in  solution  which  requires  36  cc.  of  E  sulphuric 
acid  to  exactly  precipitate  the  lead  salt  as  sulphate  (not 
allowing  for  free  sulphuric  acid  in  excess),  it  will  require  the 
same  number  of  cc.  of  £  ammonium  carbonate  to  precipitate 
the  lead  as  carbonate,. or  of  £  potassium  chromate  to  precipi- 
tate  the  lead  as  chromate.  The  same  quantity  of  lead  in 
solution  could,  however,  be  precipitated  by  i  cc.  of  36  £  sul- 
phuric acid,  or  by  7*2  cc.  of  5  E  ammonium  carbonate,  but  it 

would  require  at  least  144  cc.  of—  hydrogen  sulphide  (saturated 

4 

solution)  to  precipitate  the  lead  as  sulphide. 

It  may  here  be  pointed  out  that  tl  reagents  are  not  made 
with  the  same  degree  of  accuracy  as  the  Standard  E  reagents 
employed  in  volumetric  analysis.     Variations  in  strength  to  the 

*  £  beiag  used  as  the  symbol  of  equivaleot  or  equxvalents. 
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extent  of  from  rJt)th  to  Alh  part  are  not  considered  inadmis> 
sible ;  they  may,  consequently,  be  made  in  almost  the  same 
time  as  those  hitherto  employed,  and  the  strength,  in  terms  of 
E,  is  printed  on  the  label  of  each  bottle,  thus— 


or 


or 


SULPHURIC  ACID. 
36  E. 


E  =  1!^* 


The  accompanying  Table  includes  the  reagents  to  which  the 

equivalent  system  has  already  been  extended. 

Column  I  gives  the  name  of  the  reagent. 

Column  2  the  molecular  formula  of  the  anhydrous  substance. 

Column  3  the  molecular  weight  of  the  anhydrous  substance. 

Column  4  the  equivalent  weight  of  the  anhydrous  substance. 

mn  5  gives  the  strength  of  reagent  as  recommended  by 

t^rmrT'/l^,"*^-  Analysis,"  loth  English  Edition,  first  in  the 
terms  stated  hy  k.-  j '  ,  1     t  .  j         .u 

va?^«f    «    s.       ^  ^"^>  2iiici  second,  as  calculated  on  the  equi- 
^aient    system.     tv.;I    j     h         1  •       •      1        •         / 

comparison.  double  column    is  simply  given  for 

Column  6  givi*c   *i_ 

&  ^^5  th^  strength  of  reagent  recomrpended  or 
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the  equivalent  system,  first  in  grms.  per  litre,  and  second  in 
terms  of  £. 

Column  7  gives  the  chemical  formula  of  the  substances  used, 
and  the  methods  by  which  the  reagents  are  prepared  of  suffix 
cient  accuracy  for  general  use. 

Column  8  gives  the  strength  of  reagent  as  determined  by 
trial  after  being  prepared  by  the  method  given. 

Several  notes  are  also  appended,  to  which  the  reader  should 
refer  for  fiurther  information. 


Notes  to  Table  i. 

(i)  Sulphuric  acid,  sp.  gr.  1*842,  containing  98*6  per  cent. 
by  calculation  gives  37  -07  E. 

Sulphuric  acid,  sp.  gr.  i'84,  as  supplied,  two  samples  titrated 
gave  36*6  £  and  36*8  £. 

(2)  I  usually  make  5  litres  of  5  £  acid  at  a  time  and  adjust 
the  strength  by  titrating  2  cc.  with  standard  N  sodium  hydrate. 
This  can  be  done  more  quickly  than  by  using  the  hydrometer, 
owing  to  changes  of  temperature  on  dilution.  5  £  ammonium 
hydrate  may  be  made  in  a  similar  manner.  These  5  £  re- 
agents may  also  be  made  by  simply  diluting  the  concentrated 
ones  to  the  right  degree. 

(3)  Nitric  acid,  sp.  gr.  1*50,  containing  nitrous  acid,  titrated, 
gave  22'8  £. 

(4)  Nitric  acid,  sp.  gr.  1*424,  containing  70*2  per  cent,  by 
calculation  gives  15*87  E. 

Nitric  acid,  sp.  gr.  1-42,  as  supplied,  two  samples  titrated 
gave  16*05  £  and  16*6  £• 

(5)  Hydrochloric  acid.  sp.  gr.  i'i6o,  containing  3173  per 
cent,  by  calculation,  gives  10  08  £. 

Hydrochloric  acid,  sp.  gr.  1*16,  as  supplied,  two  samples 
titrated  gave  10*36  £  and  1032  £. 

(6)  Carbonic  acid.     Water  at  15^  C.  dissolves   1*0020  vols. 

of  COj ;  this,  by  calculation,  gives 

'        »    -^  'o  1114 
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Coluifm  z.  9' 


Name  of  Reagent.  Symbul. 


Sulphuric  Acid     ITiSOt 


Mole-    Equiva- 
cular        lent 
weight,    weight. 


I* 


•••    ••• 


*» 


98 


>» 


49 


M 


Frbsbnius's  Systbii. 


Strength  of  Reag«nt. 

Calculated 
As  stated.  in  equiva* 

leats. 


Sp.  gr.  z'840 
z  to5 


36  £ 
6E 


•at         ••# 


Nitric  Acid    UXOj 


II 


>l 


te*    •••    «■• 


•ts    #••   ••• 


•■■    sat    ••• 


Hydrochloric  acii 


ft 


••*    •■• 


o 
It 


It 

HCl 


*f 


f> 

t» 

63 

63 

«l 

«ff 

f* 

ft 

>> 


» 


»» 


36  5         3^  5 


II 


Sp.  gr.  I's 


Sp.  gr.  z'Z3 


6-16  £ 


r48E 


»f               ••• 

•  •« 

$9 

.  i> 

>» 

Sulphurous  acid  ... 

••• 

HtSOs 

8a 

4X 

Carbonic  acid 

•  •« 

H4CO3 

62 

3« 

Acetic  acid    

•  •• 

llCtHsOi 

60 

60 

19            .«•    •■• 

•  ■• 

It 

It 

»> 

tt            •••    ••• 

Tartaric  dCid 

•  a* 

H,C«H«Ofl 

«50 

75 

Citric  acid       

•  •  • 

•  •  ■ 

IlaCeHaO; 

192 

fi 
64 

If              t..     .•• 

■  «« 

f> 

It 

»f 

Ox^ic  acid     

•  •i 

H.CtOi 

90 

45 

Hydrofluoric  ncid  ... 

•  •• 

HP 

20 

80 

HydrofluDsilicic  acii 

■  ■t 

IliSiFc 

M4 

7a 

fi 

■  •  • 

II 

tt 

»> 

Hydrogen  sulpbtd.; 

* 

■  •• 

H*S 

34 

17 

C.ilorine  water 

•  «• 

Cli 

71 

35*5 

Brom'ne    ' ... 

■  •  t 

Brj 

160 

80 

Bromine  water 

•  •t 

II 

If 

M 

Hydrogen  peroxide 

•  •* 

H,Oi 

34 

X7 

II 
Potassium  hydrate 

KHO 

56 

56 

li 
Sodium  hydrate     ... 

•  •9 

•  •• 

NaHO 

40 

• 
If 

40 

ii                  ... 
Ammonium  hydrate 

•  •• 

••• 

It 
Am  Ho 

n 

35 

35 

3jXofHCtnsO» 


Saturated  solution 


Saturated  solution 


It 


tt 


It 


tt 


Sp.  gr.  i'i3~9XNaiO 


Sp.  gr.  0-96  =  10  X  NHa 


5*61  £ 


£ 

4 
E 
5 


3-28  E 
<'S4B 
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Colnmii  6. 


8. 


substance 
taken. 


pc/mli.    Strength. 


Method  of  Preparing  Rca^nt. 


■^  Strength  of 
Reagent  as 
found  by 
tri;il. 


49 


36-5 


6o 

75 
64 


56 
40 


36  E 

SB 

£ 
24  E  — 

16  £ 

SE 

E 
zo£ 

SB 
E 

4E- 

E_ 
10 

17  E 
SE 

E 
5E 

£ 
5E 

E 

3E. 

a 
12  E? 

E 
J?  — 

E_ 

5  ^ 

37  E 
H 

T 
4E- 

•  E-^ 

SE 

E 

5E 

S 

aoE  — 

SE 


Sulphuric  acid,   sp.  gr.    x'84a7    at   15*5°  C. 
Note  (i). 

Sulphuric  acid  diluted  to  sp.  gr.  1*1527  at 

15*5®.    Note  (2). 
aoo  cc.  of  5  B  sulphuric  acid  diluted  to  i  litre. 
Nitric  acid  sp.  gr.  1*50.    Note  (3). 
Nitric  acid  sp.  gr.  1*4268  at  15*5'' C.  Note  (4^. 

Nitr  c  acid  diluted  to  sp.  gr.  1*1656  at  15-5°  C. 
Note  (2) 

aoo  cc.  of  s  E  nitric  acid  diluted  to  z  litre. 

Hvdrochlonc  acid  sp.  gr.  z'i6iz  at  13*5^  C. 
Note  (5). 

Hydrochloric  ac'd  diluted  to  sp.  gr.  ro843  at 
i55*C.    Note  (2). 

aoo  cc.  of  5  E  hydrochloric  acid  diluted  to  z 
litre. 

Water  at  i5'5<*  C.  saturated  with  sulphur  di- 
oxide (sp.  gr.  1*052). 

Water  at  15*5^  C.  saturated  with  carbon  di- 
oxide. .Note(c). 

Acetic  acid  solid  at  16"  C.    Note  (7). 

294  cc  of  17  E  acetic  acid  diluted  to  z  litre, 
^ote  (2). 

too  cc.  of  5  E  acetic  acid  diluted  to  i  litre. 

375  grms.  dissolved  and  diluted  to  x  litre. 

75 
HaCsH507,Aq   350 

70 


HtCiHiOs 


» 


*f 


n 


It 


fl 


$» 


tt 


HtCs04,2Aq     94'5 

■*  Hydrofluoric  acid,  sp.  gr.  z*i5. 


M 


Note  (8).     Ul 


Water  at  1$'^  C.  faturated  with  hydrogen 
sulphide. 

Water  at  Z5*5<^  C.  saturated  with  chlorine. 

Pure  liquid  bromine.    Note  {a\. 

Water  at  zs's**  C.  saturated  with  bromine. 


36  S 

5E 

£ 

22-8  £ 

16  £ 
5E 

£ 
zoS 

SE 

E 

3*7  E 


zC'qE 
5E 

E 
5E 

£ 
SE 

£ 
3E 

a 
za'9E 


a££ 
zoo 

123 
100 

a 


KHO 


NaHO 


Hydrogen  peroxide^  ao  volume  solution . 

[Note  (10).  — 

f,  »        xo  „         Note  ( IX).  — 

»8ogrm5.  dissolved  and  diluted  to  z  litre. 

[Note  (za).  — 

56  „  „  „        Note  (12).  — 

aoo        „  „  „        Note  (13).  — 

40  „  „  ff        Nota(x3).  — 

Ammonium  hydrate  sp.  gr.  o'88o.    Note  (14).  z8'9  S 

Ammonium  hydrate  diluted  to  sp.  gr.  0*9(43  5  fi 
atz5*5''C.    Note  (a). 
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Column  Za  t« 

Name  of  Reagent  Symbol . 

Ammoninm  hydrate 
Barium  oxide  .••    •» 

Calcium  oxide       ... 

Ammoninm  sulphide    ...       AmaS 


..«     Amllo 
...        BaO 

—        CaO 


Mole-    Eqniva- 
cular        lent 
we.ght.    weight. 


Frbsbmios's  STStMt. 


35 

153 

a 


35 

28 
34 


Strength  of  Reagent. 

^Calcdated 
At  stated.  in  eqniva* 

lents. 


BaHtOt.8Aq.  z  to  so 
Saturated  solution 

xoXNHt 


E 

3«5 
E 

so 
5-54  K? 


If 


Sodium  sulphide   


KatS 


78 


ff 


39 


9XNatO 


3*88  E 


f* 


•••    •■• 

••• 


ti 


Potassium  cyanide 
Potassium  sulphate     ... 
Potassium  iodide 


•f 


•••    ... 


KCy 

KsSOi 

KI 


II 


Potassium  chromate    ... 

Potassium     metantimo- 

niAiO      •••     «••     ■••     ■•• 

Potassium  ferrocyanide 
Potassium  ferricyanide 
Potassium    su*phocya- 

uaCO  999      •••       ■•«      ••• 

Sodium  carbonate 


tt 


...    ... 


Hydrogen      disodium- 
phosphate 

Sodium  acetate     

Sodium  sulphite    

Sodium  thiosulphate    ... 

Sodium  h]rpochlorite    ... 
Ammonium  acetate 


K«Cr04 

KSbOs 

K4FeCys 
KeFesCyii 

KCyS 
NatCOt 

HNasPOi 

NaCsHsOs 
NatSOs 

NasSsOs 

NaClO 
AmCtHsOt 


ft 
6$ 

174 
z66 


If 


M 


SO9 

368 

658 

97 
io5 

it 
242 

8a 
126 

158 

74*5 
77 


65 

87 

166 


It 


«94'5       97'a5 


ao9 

92 
X097 

97 
53 
tt 

47*3 

8a 

63 

79 

74'5 
77 


I  to  18 


Saturated  aolutioa 
z  to  IS 

I  to  zo 
8-7103 

I  to  10 
z  to  zo 


0*96  S 


E_ 
68 
0*79  B 


z'OjE 
3'77E 


0-84  B 
074  E 


fff 


•i 


Ammonium  oxalate     ...    AmsCsO« 

Hydrogen  di-ammonium 
phosphate    HAmsPO^ 


Ammonium  carbonate . . .     AmiCOs 


Z24 

Z32 

96 


62 

44 
48 


z  to  24  0*59  B 


z  sesqui  to  s  +  Nlla  S'c8  B 


n 


i» 
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Column  6w 


8. 


Eqnivalent  Syrtcm.    *  Symbol  of 

Gnns.     e*.      —.u  lubitanco 

per  litre.  »«»«*»»•  taken. 


^^>m 


Method  of  Preparing  Reagent.        ^foSdby* 

trial. 


J5 


£ 

£ 
3 

ao 
5B 


34 

s 

- 

5B 

39 

fi 

65 

£ 

87 

£ 

i66 

£ 

Jtt 

^^m 

5 

97-25 

£ 

E 

3*07 

M 

9a 

£ 

1097 

£ 

97 

£ 

— 

3E 

53 

£ 

sE       1 

47*3 

—  Of] 

3 

— 

4E 

— 

sE  — 

79 

J  or£ 

—  SCO  cc.  of  5  E  ammonium  fa}*drate  diluted  to  z 

litre. 

BaHtOfl,  8Aq    52*5  grmt.  dissolved  and  diluted  to  i  litre. 
Note  (15). 

—  Water  at  15*5°  C.  saturated  with  calcium  hy- 

drate. 

'^  Saturate  6ao  cc.  of  <  E  ammonium  hydrate 

with  HtS  in  a  corked  flask,  and  then  add 
400  cc.  of  5  fi  ammonium  hydrate. 

^  800  cc.  of  s  £  ammonium  sulphide  diluted  to 

I  litre. 

-»  Dissolve  aoo  grms.  of  sodium  hydrate  in  800 

cc.  water,  saturate  one  half  with  HsS,  then 
add  the  other  half  and  dilute  to  i  litre. 
900  cc.  of  5  £  sodium  sulphide  diluted  to  z  litre. 
65  gnns.  crystal  dissolved  and  diluted  to  \  litre. 
87  grms.  dissolved  and  diluted  to  i  litre. 
166  „  „  ,♦       Note  (18). 

ft  ■•  ft       Note  (18). 


KCy 

K«S04 

KI 


»» 


KsCrOi 


33« 
97'«5 


f> 


t> 


ft 


KsSbsOe,  yAq    Saturated  solution  at  155^  C. 

K4FeCye,  jAq    105*5  grms.  dissolved  and  diluted  to  i  litrn. 
K«FetCyifl       109*7 


>» 


f> 


tt 


KCyS  97  »,  n  M 

NatCOsioAq    439  grms.  dissolved  and  diluted  to  i  litre. 

M3 


If 


or  E     HNatPO«,  zsAq  1x9*3 

NaCtHsOs,  3Aq  544 
9  E  —  NasSOt,  7Aq    25a 

NasSsOs,  5Aq    ia4 


n 

M 


I* 

H 

n 


tt 


tt 


»t 


97J? 
aooo 

5K 

E 
5B 

E 


£ 
E 

5 
£ 


E 
£ 

£ 

••948 
0*98  £ 

£ 
396  E 


-  5II 


77 
I7*« 

44 


X 


llorE 


5B 


-"  a94  cc.  of  17  fi  acetic  acid,  neutralised  with 

strong  ammonium  hydrate  and  diluted  to 
I  litre. 

—  100  cc.  of  5  £  ammonium  acetate  diluted  to  z 

Utre. 

AmsCsO«,  Aq    42*6  grms.  dissolved  and  diluted  to  z  litre. 
Note  (x6). 

HAmsPO«      44  grms.  dissolved  and  diluted  to  z  litre. 


5E 


fi 

5 

£ 


196*7  grms.  of  ammoninmsesquicafbonatedis-       — 
solved  in  333*3  cc.  of  5  E  ammonium  hydrate 
and  diluted  to  z  litre. 

too  cc.  of  5  £  ammonium  carbonate  solution       <» 
diluted  to  z  litre. 
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^    Colmnii  z. 

Name  of  Reagent. 
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Mole-    Equiva< 
Symbol.         cular        lent 

Weight,    weight. 


Hydrogen    ammonium 
carbonate    HAmCO^  79 


Ammonium  chloride 


»* 


Ammonium  sulphate    ... 
Barium  chloride    


•••    ••• 


Barium  nitrate 
Barium  carinmate 

Strontium  sulphate      ... 

Calcium  chloride 

Calcium  sulphate 

Magnesium  chloride    ... 
Magnesium  sulphate    ... 

Ferrous  sulphate  

Ferric  chloride 


...    ... 


AmCl 

t> 
Am«S04 
BaCl« 

BaNfOa 
BaCOs 
SrSO« 

CaCls 
CaSOi 

MgCls 
MffSO« 
FoSOi 
FesCle 


53*5 
>* 

ao8 
961 

197 

1835 

III 
136 

95 
120 

X52 

3*5 


53*5 
*t 
66 

104 
130-5 

985 

9«'75 

55*5 
68 

47-5 

63 

76 

5ri7 


Fri-senii's's  System. 


Strength  of  Reagent. 

C  alculated 
As  stated.  in  rquiv^i- 

Icnts. 


X  to8 

I  to  10 
zto  15 


X  cryst.  to  5 
Saturated  solution 

z  to  10 


0*82  E 
0-51  E 


x'SjE 
K 

30 
0'8i  £ 


Plumbic  acetate    PbC|HttO« 

PliHnbic  nitrate     .0    ...     PbNaOe 
Argentic  nitrate    AgNOa 


» 


•••       .at 


»» 


Argentic  sulphate AgtSO^ 

Mercurous  nitrate IIg«NiOe 


323 

3JI 
170 

ff 
312 

5»4 


162*5 

»65-5 
170 


II 


156 


a6s 


I  to  zo 
I  to  20 


0-53E 
030  E 


Meicuric  chloride 

HgCls 

271 

135*5 

X  to  16 

o'.}6E 

Cupric  sulphate     

Cupric  chloride     

Stannous  diloride  .<>.    ... 

CuSOi 
CuCls 
SnCIs 

159-5 

>34'5 

18^ 

79*75 
67-25 

94-5 

I  tozo 

0'8oB 

Auric  chloride    '  m.    ,%% 

AuClt 

3031 

lOZ 

I  to  30 

0-33  E 

Plaftinic  chloride  

PtCU 

339X 

848 

... 

OT/E 

Magnesia   mixture  (for 
phosphoric  add) «• 
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II 


..  C.o*aain6. 
Equivalent  System.  /     ^^.„,^,  ^^ 
per  litre,  ^^trenicth.  taken. 


^x. 


Method  of  Preparing  Reagent. 


Strength  of 

Reagent  as 

found  bj 

trial. 


—      i-E  or  3  E 


— 

5E 

AmCl 

53  5 
66 

X04 

£ 
E 
E 

It 
AmiS04 

BaCIt,  aAq 

6525 

JE 

a 

BaNaOfl 

— 

aE 

BaCOs 

o>53 

K 

SrS04 

555 

E 

CaClt,  6Aq 

•  a? 

K_ 
50 

CaS04,  aAq 

47*5 
60 

-7^ 

54»7 

£ 
E 
£ 
£ 

MgClt,6Aq 
MKSO4,  7Aq 
FeS04,  7Aq 

162*5 

165-5 
170 

£ 
E 
E 

£ 

PbC«H»04.3Aq 
PbNiOa 
AgNOj 

7-^ 

20 

Ag«SO| 

5a"4  + 

5 

HgtXtO*.  2Aq 

54a 

sE 

5 
£ 

E 

E-h 

HgCI. 

79*75 
67-25 

94'5  + 

CuS04,  5Aq 
CuCIt,  2Aq 
SnCl«,  2Aq 

aoa 

E^ 
.      5 

— 

«4'8 


£ 


S 


liolved  and  diluted 

to  I  litre. 

5E 
E 

If              •• 

•t 

ft               It 

ff 

K 
E 

»               *i 

*i 

>>               ft 

„  Nutc(i7). 

E 

2 

A  saturated  solution  made  bv  passing  excess 
of  carbon  dioxide  into  3  E  ammonium  hy- 
drate. 

267'5  grms. 

53*5 
66 

122 

65a5 

X97  grms.  frcshlj  precipitated,  suspended  in 
Mater  and  diluted  to  1  litre. 

Water  at  ly^**  C.  saturated  with  precipitated 
strontium  sulphate. 

109*5  grms.  dissolved  and  diluted  to  i  litre. 

Water  at  15'^°  C.  saturated  with  precipitated 
calcium  sulphate. 

zoi*5  grms.  dissolved  and  diluted  to  x  litre. 

123  grms.  dissoh'ed  and  diluted  to  t  litie. 

>39  ft  ft  »i 

18*67  grms.  of  iron,  as  FetHeO||.  di«so}ved  in 

200  cc,  of  5  £  hydrocblor.c  acid  and  diluted 

to  z  l.tre. 
189'^  grms.  dissolvci  and  di'.uted  to  i  litre. 

«<>5*5  ff  if  tf 

170  „  „  „   Note  (18). 

„    Note  (18). 


34 


»t 


>» 


0-97  E 


o*q8E 
£ 

0*97  E 


E 

0*98  £ 
£ 

5 
£ 

21 

5 


Water  at  15*5*  C.  saturated  with  freshly  pre* 
cipitated  argentic  sulphate. 

56  grmfi.  dissolved  in  40  cc.  of  5  £  nitric  acid 

and  diluted  to  i  litre,  a  little  mercury  being 

placed  in  a  bottle. 

9  E 
54*2  grms.  dissolved  and  diluted  to'  1  litre.  — 

£ 

095  K 
0*96  E 


It 


>f 


ft 


"4*75 

85a5  If  ff  ft 

xx2'5  grms.  dissolved  in  200  cc.  of  5  E  hydro- 

ciiloric  acid  and  diluted  to  x  litre,  a  little 

tin  being  placed  in  bottle. 

13*1  tprmt,  of  metallic  gold,  converted  into 
aunc  chloride,  dissolved  and  diluted  to  z 
litre.    Note  (18). 

49r3  grms.  of  metallic  platinum,  converted 
into  platinic  chloride,  dissolved  and  diluted 
to  I  litre.    Note  (18). 

Dissolve  68  grms.  IklgCls,  6  Aq  in  about  5C0 
cc.  of  Writer,  add  165  grms.  AmCl,  then  300 
cc.  of  5  '£  ammonium  nydrate,  and  dilute  to 
1  litre. 
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(7)  Acetic  acid,  anhydrou?,  sp.  gr.  1*0635,  containing  100 
per  cent.,  by  calculation  gives  177  E. 

Acetic  acid,  sp.  gr.  i'osqS,  solid  at  50°  F.,  as  supplied, 
titrated,  gave  16*9  E. 

3  K 

(8)  Oxalic  acid.     A  —  solution  does  not  crystallise  out  at 

15°  C,  but  does  so  at  10°  C. 

(9)  Bromine,  sp.  gr.  2*966,  by  calculation  gives  37*08  E. 

(10)  Hydrogen  peroxide,  20  volumes,  by  calculation  gives 
3*6  E. 

(11)  Hydrogen  peroxide,  10  volumes,  by  calculation  gives 
1*8  E. 

(12)  Potassium  hydrate,  about  one-tenth  more  than  the 
quantity  given  in  the  table  is  required,  owing  to  most  samples 
containing  water. 

(13)  Sodium  hydrate  prepared  from  sodium  is  employed. 

(14)  Ammonium  hydrate,  sp.  gr.  o'88,  containing  38  per 
cent.,  by  calculation  gives  19*7  E. 

Ammonium  hydrate,  sp.  gr.  0*88,  as  supplied,  thr^e  sampbs 
titrated  gave  i8-o  E,  i6'2  E,  and  18-9  E. 

(15)  Barium  hydrate.  The  strength  of  a  satura/eii  solution 
varies  considerably  with  the  temperature. 

3  E 

(16)  Ammonium  oxalate.     A  stronger  solution  than  - — 

crystallises  out  at  the  ordinary  temperature. 

(17)  Barium  nitrate  is  not  sufficiently  soluble  to  make  an  E 
solution. 

E      E 

(18)  Where  reagents  are  expensive  an  -  or  —  solution  may 

be  made  for  qualitative  tests. 

It  will  be  seen  from  the  Table  that  a  large  number  of  the 
reagents  are  made  of  E  strength.  Experience,  however,  has 
shown  that  there  are  cases  in  which  it  is  necessary  to  employ 
certain  reagents,  and  especially  the  acids,  stronger  than  this ; 
consequently,  a  number  of  5  E  reagents  have  been  introduced, 
5  being  a  convenient  figure  for  calculations  on  the  decimal 
system.    These  are  more  accurately  made,  and  keep  more 
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constant  in  strength  than  the  concentrated  reagents,  which  are 
liable  to  a  variation  of  about  one  equivalent. 

About  three-fourths  of  the  reagents  given  in  the  Table  may  be 
kept  in  well-stoppered  bottles  for  a  considerable  time  without 
appreciable  change.  In  the  few  remaining  cases  where  the 
variation  in  strength  is  considerable,  the  unwelcome  fact  is  ex- 
pressed in  column  6  of  the  preceding  Table  and  on  the  reagent 
bottles  in  the  following  manner : — 

Where  it  is  known  that  the  reagent  has  been  made  the 
standard  strength,  but  becomes  weaker  on  keeping,  it  may  be  ex- 
pressed by  the  sign  —  placed  after  the  symbol  E,  thus  : — 4  E  — 
Sulphurous  Acid.  If,  on  the  other  hand,  there  is  an  increase 
of  strength,  as  in  the  case  of  the  acid  solution  of  stannous 
chloride  kept  in  contact  with  metallic  tin,  it  may  be  expressed 
thus: — E  +  Stannous  Chloride.  The  analyst  is  tlius  fore- 
warned as  to  any  irregularity  which  may  occur  in  the  strength 
of  such  reagents. 

The  practical  application  of  these  multiple  and  fractional 
equivalents  is  well  illustrated  by  the  chlorine  and  bromine 
reagents  given  in  the  table.     Pure  liquid  bromine  is  shown  as 

E 
37  E ;  a  saturated  solution  of  bromine  in  water  as  —  ;  and  a 

E 
saturated  solution  of  chlorine  in  water—.     Now  if  we  know 

5 

that  I  cc.  of  liquid  bromine  (37  E)  is  required  to  effect  a 

definite  amount  of  oxidation  in  a  solution,  we  see  at  a  glance 

by  means  of  these  equivalents  that  it  would  require  74  cc.  of 

E  E 

—  bromine  water  or  185  cc.  of  —  chlorine  water  to  effect  the 

same  quantitative  result. 

It  may  here  be  pointed  out  that  a  few  reagents  require  a 

2  E 
double  index  of  their  strength,  e.g.y  E  or  —  hydrogen  disodiuni 

phosphate.*    This  reagent  behaves  as  an  E  solution  if  eni- 

2  E 
ployed  to  precipitate  iron  as  phosphate,  but  only  as  —  when 

*  Or  this  accpunt  t]^c  second  or  third  label  previously  given  is  prv'ferreci. 
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employed  to  precipitate  magnesium  as  ammonium  magnesium 
phosphate  owing  to  ammonium  taking  part  in  the  reaction.  A 
reference  to  the  chemical  equations  representing  the  reactions 
will  illustrate  this  :—r 

Fe2Cl«  +  2  HNa2P04  +  2  Nai  =  2  FePOj  +  6  NaCl  +  2  HA. 
6  equivs.       6  equivaleni.  6  equivt.  of  Fe  precipitated. 

2  MgCh  +  2  HNa2P04  +  2  AmHO  =  2  AmMgPOi  +  4  NaCl  +  2  H2O. 
4  equivi.         6  equivalents.  4  equivs.  of  Mg  precipitated. 

Having  thus  briefly  described  the  proposed  system  of 
reagents,  we  will  proceed  to  notice  some  of  the  advan- 
tages attending  its  employment  in  practical  and  analytical 
chemistry : — 

1.  It  affords  the  most  convenient  method  of  expressing  the 
proportionate  strength  or  precipitating  power  of  each  reagent, 
and  one  which  may  be  plainly  indicated  on  each  bottle. 

2.  It  indicates  as  near  as  can  be  practically  attained  the 
actual  strength  of  each  reagent. 

Thus  \ — 36  £  sulphuric  acid  contains  36  m.grro.  equivalents 
in  I  cc,  and  knowing  this  we  can  readily  calculate  the 
quantity  of  any  constituent,  ^.^.,  the  equivalent  weight  of 
sulphuric  acid  being  49,  we  have  49  x  36  =  1,764  m.grms. 
=  1764  grms.  of  sulphuric  acid  present  in  i  cc.  Simi- 
larly, each  cc.  contains  i  x  36  =  36  m.grms.  =  0036 
grm.  of  hydrogen,  16  x  36  =  576  m.grms.  ==  0*576 grin, 
of  sulphur,  and  32  X  36  =  1,152  m.grms.  =  1*1 52  grms. 
of  oxygen. 

3.  By  observing  the  quantity  of  a  reagent  employed  in  an 
analysis,  we  can  calculate  the  quantity  of  by-product  therefrom, 
a  point  of  considerable  importance  in  deciding  upon  the  dilu- 
tion of  our  solutions. 

For  example  :— If,  during  a  quantitative  analysis,  10  cc  of 
36  £  sulphuric  acid  is  added  and  afterwards  neutralized 
by  sodium  carbonate,  we  observe  that  10  x  36  equivalents 
of  sodium  sulphate  will  be  produced.  Now,  since  the 
equivalent  of  sodium  sulphate  is  71,  we  liave  71  X  36  X 
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10  =  25,560  ni.grms.  =  25*56  grms.  as  the  quantity  of 
ahhydrouis  sodium  sulphate  formed  by  the  reaction.  Know- 
ing thi&,  we  are  forewarned  to  dilute  sufficiently  before 
proceeding  with  the  analysis. 
'  4.  In  qualitative  analysis  we  are  able  to  form  a  better  judg- 
ment of  the  amount  of  substance  present  than  when  using  the 
reagents  of  indefinite  strength  hitherto  employed. 

5.  The  strength  of  reagents  employed  in  chemical  investi- 
gations may  be  most  conveniently  expressed  on  this  system. 
For  example : — 

Nitric  rcid  sp.  gr.  1-4268  at  15-5°  C.  is  exactly  16  £  in  strength. 
,1  >f        11656  „  „  5E 

i»  ».        10345  „  „  E  „ 


Now  it  is  evident  that  the  latter  mode  of  expression  is 
far  simpler,  and  gives  a  much  more  accurate  idea  of  the  strength 
of  the  acid  than  does  its  specific  gravity.  These  equivalent 
numbers  would'  be  a  valuable  addition  to  sp.  gr.  tables^ 

6.  Reagents  may  be  most  readily  diluted  to  the  various 
strengths  required  in  chemical  analysis. 

For  example: — Nitric  acid  sp.  gr.  1-42  =  16  E  approxi- 
mately may  be  readily  obtained  by  distillation.  To  make 
an  acid  of  £  strength,  it  is  simply  necessary  to  dilute  i  cc. 
of  16  E  acid  with  water  to  the  volume  of  16  cc.  To  make 
2  E  acid,  dilute  2  cc.  of  16  £  acid  to  16  cc. ;  or  to  make 
15  £  acid,  take  15  cc.  of  16  £  acid  and  dilute  to  16 
cc,  and  so  on.  It  is  not  usually  necessary  to  take  changes 
of  temperature  into  consideration,  except  in  the  case  of 
strong  sulphuric  acid. 

7.  This  system  affords  the  simplest  method  of  calculating 
the  theoretical  quantity  of  reagent  required  to  effect  any  chemi- 
cal change. 

For  example  : — If  we  wish  to  find  the  quantity  of  reagent 
necessary  to  precipitate  i  grm.  of  calcium  from  its  solu- 
tion ;  we  already  Ipiow  that  i  cc.  of  E  reagent,  say  £ 
ammonium  carbonate,  will  precipitate  20  m.grms.(i  m.grm. 


mUtmZ'c  «. 
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eqoiraknt);  cooseqaeo  OT.    5®  ««-of  E  reagenj  ».•„  ^ 
icqmied  to  pradiMtate     »    «»™-    "  J»efcn«d    ,„*""* 
3  £  auDonimn  oiboB^te  n»«7  •*  "^d  inste,;,     ,^  "^ 

■«HW  w  cm  okohte  tl»c  <I"«""y  of  add  th^";  "*« 

xinci  containing  30^3         «^ 
wjdxJenJs,  nn  dieorecicaDr  '«1"«  Jo «  cc  nf*^^ 
««-.«ct<if5Eaeidtoe«*««»««oloti<»,.    In  the 
«aT  it  BUT  be  skon  that  •**  *» '^•"oive  ©r   ^  f*»e 
«  ^  of  tia-Iim  ibKoieacMny  ravins  only  L^^'^ 

»>««£  m  .^Wmh* nrnnrJDf tate  I  grUL  Of  bCTyUjjL  *  ^"^ 

Sboce 


c>Ar:ia»e  »  1  iTBL  of  OKi  of  tbc  mare  ooouboq  ^^^^^ 

««iw«  « to  fiod -»  «  ^  the  numSS^ 

^  °«« the  solBtion  or 


dfeadi 


V 


M* 


4 


>^5 


66-7 
-vx>3 


.'Xt 
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Symbol  of  Atomic 

>.!e  ueot.  Weight. 

Cr"'  525 

CH 

Co"  59 

Co'" 

Cu'  63-5 


i§ 


Ca 

F'  19 

Au'  196-6 

Au'" 

II'  I 

r  127 

Fe"  5O 

Fe- 

Pb"  207 

Li'  7 

Mg"  24 

Mn"  55 

Mn>»  „ 

Mnv*  ,, 

llg'  2CO 

Hg" 

Ni"  59 

Nr 

F'  31 
P^ 

pr  194-381 
Pi^' 

K'  3T« 

Si»»  28 

Ag'  108 

NV  23 

sr  87-5 

S"  3* 

Sn"  118 

'JT  204 

Tl" 

Ti"  50 

Ti^ 

ZjoT  65 


Equivalent 
weight. 

M.grm.  equln. 

perfrm^or 

cc.olE. 

175 

57-« 

8-75 

ti4-3 

295 

33  9 

1967 

508 

635 

«S7 

3«7S 

3»-5 

»9 

526 

196-6 

5« 

6553 

»5'3 

1 

1000-0 

"7 

7-9 

23 

357 

1867 

53-6 

103-5 

97 

7 

1429 

12 

833 

27s 

36-4 

«375 

727 

917 

109*1 

200 

5 

100 

10 

295 

33*9 

19-67 

50-8 

IO-33 

968 

6-2 

161-3 

97-19 

10-3 

48-59 

20 -6 

39- « 

256 

7 

1429 

108 

9*3 

23 

43-5 

4375 

229 

16 

62-5 

8 

125 

5-33 

187-6 

59 

16-9 

29-5 

339 

204 

49 

63 

147 

«5 

40 

12-$ 

80 

3»S 

JO'S 
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equivalent) ;  consequently,  50  cc.  of  £  reagent  will  be 

required  to  precipitate  i  grm.    If  preferred,  10  cc.  of 

5  £  ammonium  carbonate  may  be  used  instead.    In  like 

manner  we  can  calculate. the  quantity  of  acid  theoretically 

required  to  dissolve  a  given  quantity  of  metal  or  other  sub- 

stance.    Thus,  i  grm.  of  zinc,  containing  30*8  m.grms. 

equivalents,  will  theoretically  require  308  cc.  of  £  acid 

or  6*16  cc  of  5  £  acid  to  effect  its  solution.    In  the  same 

w&y  it  may  be  shown  that  while  to  dissolve  or  precipitate 

I  grm.  of  thallium  theoretically  requires  only  4.9  cc,  of  E 

reagent^  to  dissolve  or  precipitate  i  grm.  of  beryllium  would 

require  217*4  cc,  of  E  reagent. 

The  following  table  gives  the  number*  of  m.grm.  equivalents 

contained  in  i  grm.  of  each  of  the  more  common  elementary 

substances.    This  enables  us  to  find  at  a  glance  the  number  of 

cc.  of  £.  reagent  theoretically  required  to  effect  the  solution  or 

precipitation  of  i  grm.  of  each  substance. 

Symbol  of  Atomic  Equivalent  ^^:?°'?'°'T*' 

Element.  Weight.  Weight.  ^cfJ?E. 

Al'"  27  9  Iin 

Sb"'  120  40  25 

Sb^  „  24  41-7 

As'"  75  25  40 

As^  „  15  667 

Ba"  137  685  146 

Be"  9*2  4*6  217-4 

Bi'"  210  70  14-3 

Bi^  „  42  238 

B'"  II  367  2725 

Br'  80  80  125 

Cd"  112  56  17-9 

Ca"  40  20  50 

C  12  6  1667 

C'  „  3  333*3 

Cr  %^<  5V5  28-3 


*  This  number  is  the  recipiocal  of  the  equivalent  weight  X  i|000;  con<- 
sequently  a  table  of  reciprocals  would  be  applicable  for  4U  substances.  9xA 
might  be  used  for  this  purpose^ 
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5>yrobo1  of 

r.'.e  uent. 

Atomic 
Weight. 

Equivalent 

weight. 

M.grm.  equin. 

per  (mufOr 

cc.of£. 

Cr"' 

525 

»7'5 

57« 

Cr« 

»> 

8-75 

i'4-3 

Co- 

59 

295 

33  9 

Co'" 

» 

1967 

50-8 

Cu' 

63*5 

635 

157 

Ca" 

»f 

3i-7S 

3«-5 

F' 

19 

»9 

52*6 

Au' 

196*6 

1 96 -6 

51 

Au'" 

»» 

6553 

»5*3 

ir 

I 

I 

looo-o 

r 

127 

127 

7-9 

Fe- 

56 

23 

357 

Fe"' 

>t 

18-67 

53-6 

Pb" 

207 

103-5 

97 

Li- 

7 

7 

1429 

Mg" 

24 

12 

833 

Wa" 

55 

27s 

30-4 

Mn>» 

» 

1375 

727 

Mnn 

»» 

917 

109*1 

"g' 

2C0 

200 

5 

Hg" 

»» 

100 

10 

Ni" 

59 

29-5 

33*9 

Ni'" 

»> 

19-67 

50-8 

F' 

31 

IO-33 

968 

P^ 

» 

6-2 

i6i*3 

Pt' 

194-381 

97- 19 

io*3 

PliT 

»t 

4859 

20-6 

K' 

391 

391 

256 

Si»» 

28 

7 

142*9 

Ag- 

108 

108 

9*3 

N4' 

23 

23 

435 

Sr" 

sr-s 

4375 

229 

S" 

3« 

16 

62-5 

S^ 

»9 

8 

125 

S^ 

ft 

5-33 

187-6 

Sn" 

118 

59 

169 

Sn»» 

*9 

295 

339 

'JT 

20.} 

204 

49 

Tl" 

ft 

63 

H7 

Ti" 

50 

«5 

40 

Ti^ 

n 

12$ 

80 

2a- 

•s 

3»S 

jo-3 
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Should  a  secondaiy  reaction  occar,  afs  for  instance  in  the 
action  of  copper  upon  nitric  acid,  the  quantity  of  reagent  re- 
quired may  be  deduced  from  the  equation  representing  the 
chemical  change,  as  follows  : — 

jCu     +     8HN(V    =  3  CUX2O6 -f  2  NO  +  4  H2O. 

6  equivalents.        8  equivalents. 

Here^ye  see  that  6  equivalents  of  copper  require  8  equiva- 
lents of^nitric  acid,  or  one-third  more  thAn  the  normal  quantity ; 
therefofe  ij  times  the  quantity  of  acid,  as  obtained  from  the 
table,  \»f ill  be  required.    .;;"  \"''  ;' 

8.  T^e  ;^ystem  further  fiffords  a  simple  method  oC  calculating 
the  quantity  of  gas  giv^Q  off  in  chemical  reactions.  • 

Since  itc.  of  an  £  reagent,  in  acting  upon  excess  of  metal, 
wiH  liberate  a  m.grfrf.  equivalent  c5f  hydrogen  ==  ii'i6  cc, 
the  Volume  given  off  by  x  cc.  of  any  E  reagent  will  be 
X  ii*x6  cc.  Conversely,  we  may^calculate  the  quantity  of 
acid  lequired  to  produce  a  given  volume  of  hydrogen. 

9.  In  working  with  this  system  we  have  the  most  convenient 
method  of  expressing  the  precise  acidity,  &c.,  of  chemical 
solutions  intended  for  accurate  titration,  precipitation,  &c. 

For  example : — In  Margueritte's  method  of  estimating  iron 

'      .  E 

volumetrically  by  means  of  standard  —  potassium  per- 
manganate, I  recommend  that  the  solution  for  titration 

'  '■  E 

be  acidified  to  E  or    -  sulphuric  acid,  thus  expressing  the 

acidity  at  which,  it  is  preferred  the  reaction  should  take 

place. 
An  example  of  the  application  of  these  reagents  to  the  sepa- 
ration of  tnctals  may  be  given.  It  is  knovin  that  a  solution  of 
zinc  chloride  containing  i  grm.  of  zinc,  in  100  cc.  requires  the 
pn^sence  of  an  appreciable  quantity  of  free  hydrochloric  acid 
to  prevent  the  precipitation  of  the  zinc  by  hydrogen  sulphide. 
It  is  also  known  that  had  is  not  completely  precipitated  from 
its  soliKiqns  by  hydrogen  sulphide  if  more  than  2*5  per  cent,  of 
free  hydrochloric  acid  be  present.    The  question  arises  how  to 
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acidify  tfke  solution  so  as  to  allow  of  the  complete  precipitation 
of  the  Iccid  without  the  co-precipitation  of  the  zinc.  I  have 
found  that  lead  can  be  completely  precipitated  by  hydrogen 

E 
sulphide  from  an  —  hydrochloric  acid  solution  without  per- 
ceptible co-precipitation  of  zinc^  and  now  by  acidifying  the 

E 
solution  to  —  hydrochloric  acid,  I  always  secure  the  most 

favourable  conditions  for  the  separation  of  these  metals. 

As  illustrating  the  application  of  this  system  to  pfeapiiation^ 
I  may  mention  the  determination  of  lead  as  sulphaU.  It  is  well 
known  that  lead  sulphate  is  soluble  in  strong  sulphuric  acid, 
and  also  in  pure  water,  but  that  in  dilute  sulphuric  acid  it  is 
practically  insoluble.  The  strength  of  sulphuric  acid  corre* 
sponding  to  the  least  solubility  does  not  appear  to  have  been 
recorded.  I  have,  however,  found  that  lead  sulphate  is  least 
soluble  in  E  sulphuric acid^  and  now  always  adopt  this  strength 
in  my  analytical  work« 

As  a  final  illustration  we  will  take  the  precipitation  of  phos* 
phoric  acid  by  magnesia  mixture. 

David  Lin  do,  in  Chemical  News^  vol.  xlviii.,  p.  217,  has 
given  the  conditions  under  which  he  considers  this  precipita- 
tion can  be  best  effected.  I  have  calculated  the  quantities  of 
reagent  used  in  terms  of  E,  and  the  conditions  of  precipitation 
may  be  stated  as  follows : — 

I  St.  Solution  to  be  neutral  or  slightly  ammoniacal. 

E       E 
and*  Dilution  of  P,06  to  be  from  —  to  —,  or  about  i  grm. 

in  from  200  to  800  cc. 

E 
.  ^rd.  Dilution  of  AmCl  to  be  from  E  to  -. 
**  .  2 

4th.  After  precipitate  has  settled,  add  i  bulk  of  5  E  ammo- 
nium hydrate. 

3  E 
5th.  Wash  with  - —  ammonium  hydrate. 

E 
6th.  Magnesia  mixture  up  to—  in  excess  does  not  vitiate 

result. 
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7  th.  Magnesia  mixture  counteracts  solvent  action  of  ammo- 
nium  chloride.  . 

Preparation   of  Standard  Sqaiyalent  Solations. — In 

volumetric  analysis,  where  the  measure  of  a  certain  substance 
is  to  be  obtained  from  the  volume  of  a  certain  reagent  required 
to  neutralize  or  precipitate  it,  it  is  essential  that  its  value  should 
be  accurately  known,  so  that  a  definite  volume  of  it  will  be 
equivalent  to,  or  a  measure  of,  any  substance  which  it  is 
desired  to  determine*  The  following  method  used  for  prepara- 
tion of  standard  solutions  in  alkalimetry,  acidimetry,  &c.,  will 
suffice  to  illustrate  how  Standard  equivalent  solutions  are 
prepared. 

Preparation  of  Standard  E  Sodic  Carbonate. — Since  sodic  car- 
bonate can  be  obtained  in  a  pure  state,  and  any  moisture  it  may 
contain  be  driven  off  by  gentle  ignition,  it  can  be  used  as  a  basis 
for  the  standardization  of  all  acid  and  alkaline  solutions.  It  is 
prepared  by  dissolving  53  grms.  of  pure  anhydrous  sodic  car- 
bonate in  water  and  diluting  to  1,000  cc.  at  15^  C.  About  56 
grms.  of  the  carbonate  are  weighed  out  into  a  platinum  dish, 
and  gently  ignited  to  a  dull  red  heat  until  all  moisture  has  been 
eliminated ;  it  is  cooled  in  a  desiccator,  and  the  53  grms. 
quickly  weighed  from  it 

Preparation  of  Standard  E  Sulphuric  Acid. — Standard  E 
sulphuric  acid  should  contain  49  grms.  real  HsSOi  in  a  litre  of 
water. 

The  following  will  illustrate  how  this  is  obtained : — 39  cc 
of  strong  sulphuric  acid  of  sp.  gr.  1*84  was  dissolved  in  water, 
and  diluted  to  1,000  cc.  at  1 5^  C.  30  cc.  of  standard  £  NasCOs 
was  run  from  a  burette  into  a  100  cc.  beaker,  and  two  drops  of 
methyl  orange  (i  in  1,000)  added,  and  diluted  to  50  oc.  A 
burette  wa;s  filled  with  the  HsSOi  prepared  as  above,  and 
allowed  to  gradually  run  into  the  yellow-tinted  alkaline  solution, 
stirring,  until  the  last  drop  added  produced  a  pink  coloration, 
when  28  cc.  were  required  instead  of  30  cc.  Now  it  is  necessary 
to  add  water  to  the  acid,  since  it  is  too  strong,  to  an  extent 
that  will  make  it  exactly  £,  and  every  38  cc.  of  the  acid  will 
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want  diluting  to  30  cc.  There  was  910  cc.  of  acid  left ;  there- 
fore ^-«-  =  32*5  times;  and  32*5  x  2  =  65  cc.  more  water 

to  be  added ;  on  adding  this  quantity,  and  again  titrating  as 
above,  30  cc.  of  alkali  required  exactly  30  cc.  of  acid,  and  there- 
fore, the  solutions  were  chemically  equivalent  to  each  other. 

Preparation  of  Standard  E  Sodic  Hydrate. — A  Standard  E 
solution  of  sodic  hydrate  should  contain  40  grms.  of  NaHO  in  a 
litrei  but  since  pure  sodic  hydrate  always  contains  some  water, 
a  quantity  more  than  this  must  be  taken.  42  grms.  of  pure 
sodic  hydrate  prepared  from  sodium  was  dissolved  in  water 
and  diluted  to  1,000  cc.  at  15^  C,  and  on  titrating  30  cc.  with 
the  above  standard  £  acid,  exactly  30  cc.  were  required  for 
neutralization;  but  often  it  requires  more  acid  than  this,  then 
it  must  be  diluted  until  it  is  of  the  right  strength,  in  a  similar 
manner  to  that  adopted  for  the  dilution  of  the  sulphuric  acid. 


PART  I. 

METALS,  ALLOYS,  ETC. 


IRON  AND   STEEL, 

Iron,  in  its  various  formsy  such  as  cast  iron,  malleable  iron, 
and  steel,  is  the  most  serviceable  and  largely  used  of  all  the 
metals.  The  ores  from  which  it  is  extracted  are  extensively 
distributed  through  the  crust  of  the  earth,  and  the  metal  is 
easily  reduced  to  "cast  iron"  by  mixing  the  ore  with  certain 
proportions  of  coke  or  coal  and  limestone  and  smelting  in  a 
blast-furnace.  The  principal  ores  from  which  iron  is  obtained 
are — Magnetic  Iron  Ore,  occurring  largely  in  Sweden,  Norway, 
Russia,  and  North  America,  and  containing,  when  pure,  some 
72  per  cent,  of  iron  combined  with  oxygen  ;  Red  HcMiaiUey  a 
peroxide  of  iron,  found  in  Lancashire,  Cumberland,  and  Gla- 
morganshire, containing  from  40  to  70  per  cent,  of  iron ;  Brown 
HamatUe^  an  hydrated  oxide  of  iron,  found  in  France,  Cumber- 
land, and  Durham,  and  containing  40  to  60  per  cent  of  iron. 

Specular^  or  Micaceous  Ore,  is  a  crystalline  peroxide  of  iron, 
found  in  Spain,  Nova  Scotia,  and  the  Island  of  Elba;  Spathic 
Iron  Ore  is  a  carbonate  of  iron,  containing  30  to  48  per  cent, 
of  iron,  found  in  Somersetshire  and  Durham,  and  also  in 
Corinthia  and  Styria ;  Clay  Ironstoiu,  or  Argillaceous  Iron  Ore, 
is  a  carbonate  of  iron  associated  more  or  less  with  clay;  it  is 
the  source  of  much  of  the  iron  produced  in  this  country ;  it 
occurs  largely  in  South  Wales,  Yorkshire,  Staffordshire,  and 
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Derbyshire,  and  also  in  Belgium  and  Silesia;  Blackband Iron 
Qrc  is  similar  in  constitulion  to  clay  ironstone,  but  in  addition 
to  the  other  substances  it  contains  more  or  less  coaly  or  bitu- 
minous matter ;  the  amount  of  iron  present  varies  from  20  to  40 
per  cent 

The  iron-smelting  industries  arc.  largely  carried  on  in  Great 
Britain,  Germany,  Belgium,  France,  and  the  United  States. 
Iron^  immediately  reduced  from  its  ores,  is  termed  cast  iron 
and  pig  iron,  which  may  be  white  or  grey,  qualities  depending 
upon  the  condition  and  proportion  of  carbon  present ;  the  grey 
variety  containing  this  element  in  the  uncombined  form  as 
graphite,  whilq  in  the  white  it  is  chemically  combined  with  the 
iron,  producing  a  metal  so  hard  and  brittle  that  a  file  has 
scarcely  any  influence  upon  it.  The  grey  iron  is  soft,  and  may 
be  easily  filed  and  turned  in  a  lathe.  The  conditions  necessary 
to  the  formation  of  white  and  grey  iron  in  the  blast-furnace 
depend  upon  the  amount  of  fuel  used  and  the  temperature  to 
which  the  metal  has  been  raised  ;  a  high  temperature  is  con- 
ducive to  the  production  of  grey  iron,  while  a  low  temperature 
produces  white  iron.  The  maximum  amount  of  carbon  which 
is  taken  up  by  iron  in  the  blast-furnace  appears  to  be  about 
4^  per  cent  Pig  iron  contains,  besides  carbon,  notable  quan- 
tities  of  silicon,  together  with  sulphur,  phpsphorus,  manganese, 
and  small  quantities  of  copper,  arsenic,  aluminium,  and  titanium. 
Small  quantities  of  these  elements  play  a  very  important  part 
in  the  physical  properties  of  the  metal.  . 

Wrought  Iron. — This  variety  of  iron  is  produced  fronv 
cast  iron  by  a  process  of  oxidation,  the  iron  being  melted  in  a 
furnace  with  slags  rich  in  oxides  of  iron,  fresh  surfaces  of  the 
metal  being  continually  exposed  by  the  action  of  a  powerful 
oxidising  flame  with  a  rabbler,  by  which  means  the  greater 
portion  of  carbon,  silicon,  sulphur,  and  phosphorus  are  elimi- 
nated. The  physical  properties  of  wrought  iron  are  totally  diffe- 
rent from  those  of  the  original  cast  iron ;  it  is  malleable,  ductile, 
fibrous,  and  weldable.  The  ultimate  tensile  strength  of  good 
wrought  iron  is  about  25  lbs.  per  square  inch.    The  manufac- 
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ture  of  wrought  iron  by  the  puddling  process  is  now  not  nearlu 
so  extensive  as  formerly,  since  steel,  which  is  made  so  cheaply 
by  the  Siemens  and  Bessemer  processes,  is  replacing  it. 

SteeL — Steel  differs  from  wrought  iron  in  containing  more 
combined  carbon,  being  virtually  an  alloy  of  iron  and  a  small 
.quantity  of  carbon.  There  is  no  hard  and  fast  line,  however, 
which  can  be  said  to  definitely  divide  the  two  varieties.  Speak- 
ing generally,  the  presence  of  from  0*2  to  i  '5  per  cent,  of  carbon 
constitutes  steel,  provided  the  presence  of  other  elements  is  not 
so  high  as  to  interfere  with  its  influence  on  the  metal.  The  tensile 
strength  of  steel  depends  upon  the  amount  of  carbon  present  and 
also  the  rate  of  cooling ;  it  varies  from  30  to  50  tons  per  sq.  in. 

There  are  several  processes  by  which  steel  can  be  cheaply 
produced  from  wrought  iron  and  pig  iron.  In  the  manu- 
facture of  fine  steel  for  cutlery,  &c.,  the  cementation  process 
is  used,  where  the  requisite  quantity  of  carbon  is  given  to 
wrought  iron  to  convert  it  into  steel,  by  keeping  bars  of  the 
former  surrounded  with  charcoal  at  a  red  heat,  in  a  specially 
constructed  furnace,  for  a  definite  length  of  time,  depending 
upon  the  quality  of  steel  required  ;  the  longer  the  bars  are  left 
in  the  furnace  the  more  steely  do  they  become.  The  process 
is  a  rather  long  one,  occupying  from  five  days  to  a  fortnight 
in  completion. 

The  theory  of  the  absorption  of  carbon  by  this  process  is  not 
thoroughly  understood.  The  general  idea  is,  that  the  small 
quantity  of  oxygen  in  the  air  sunounding  the  metal  combines 
with  that  contained  in  the  charcoal,  forming  carbonic  oxide  gas. 
Now,  carbonic  oxide  is  absorbed  by  iron  at  a  red  heat,  and  under 
the  conditions  of  the  furnace  is  dissociated  into  carbon  and  oxy- 
gen, the  former  being  retained  in  the  metal  while  the  latter  creates 
and  combines  with  more  carbon,  forming  carbonic  oxide,  which 
is  again  absorbed  by  the  metal  and  dissociated  as  before,  the  same 
oxygen  being  used  over  and  over  again  as  a  carrier  of  carbon. 

Steel  thus  produced  is  not  thoroughly  homogeneous,  and  in 
order  to  get  a  thorough  distribution  of  carbon  the  bars  are 
cut  into  small  pieces  and  melted  in  narrow  crucibles,  made 
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of  fire-clay  and  plumbago,  about  tv^o  feet  high,  and  then  ca^t 
into  rectangular  or  octagonal  moulds  which  have  been  previously 
heated.  Great  care  is  required  in  the  melting  of  the  steel ;  if 
the  metal  is  heated  to  too  high  a  temperature  before  pouring, 
it  will  item  fiery,  or  boil,  owing  to  escape  of  gases,  producing 
an  ingot  which  will  be  rendered  useless  by  blow-holes.  Expe- 
rience is  required,  therefore,  to  know  the  right  temperature. 

Large  quantities  of  soft  steel  are  now  being  made  by  the 
regenerative  open-hearth  process  of  Sir  William  Siemens.  Steel 
may  be  produced  in  this  furnace  by  three  different  methods  r — 
(i)  By  melting  pig  iron  and  oxide  of  iron  (hematite  iron  ore, 
&c.),  by  which  means  silicon,  sulphur,  and  phosphorus  are 
eliminated,  and  the  carbon  reduced  to  the  proper  point ;  (2)  the 
melting  together  of  scrap  iron  and  pig  iron  in  certain  propor- 
tions ;  (3)  by  a  combination  of  these  two  processes,  which  is 
known  as  the  Siemens-Martin  process. 

Bessemer  Process, — In  this  process,  which  may  be  considered 
the  greatest  metallurgical  discovery  of  the  age,  vast  quantities  of 
steel  are  produced  for  the  manufacture  of  rails,  tyres,  tin  bars, 
&C.  It  consists  in  the  forcing  of  air  through  molten  pig  iron, 
contained  in  a  globular  vessel  lined  with  a  highly  silicious 
material,  generally  ganister,  and  termed  a  converter^  by  which 
means  the  carbon  and  silicon  are  oxidized,  the  carbon  burning 
off  as  carbonic  oxide,  producing  a  very  large  flame,  and  the 
silicon  oxidized  to  silica  (SiOs).  The  right  quantity  of  carbon 
is  added,  after  the  metal  is  purified,  by  running  in  a  certain 
proportion  of  a  molten  triple  compound  of  carbon,  manganese, 
and  iron,  termed  Spiegeleisen.  Phosphorus  is  not  eliminated  by 
this  process,  which  therefore  is  only  applicable  to  pig  iron 
tolerably  free  from  that  element. 

This  difficulty,  however,  is  overcome  by  lining  the  converter 
with  a  basic  material  according  to  what  is  known  as  the 
Gilchrist-Thomas,  or  ''basic''  process,  and  enormous  quan- 
tities of  phosphoric  pig  iron  are  converted  into  steel  by 
its  means.  The  lining  of  the  converter  is  composed  of 
a  mixture  of  magnesian  limestone  and  coal-tar,  consoli- 
dated by  heat.    The  slag  produced  by  the  basic  process, 
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owing  to  its  containing  a  large  quantity  of  phosphates,  is  largely 
used  as  a  manure. 

The  following  are  analyses  of  iron  most  suitable  for  the 
**  acid  "  and  "  basic  "  processes  : — 


Acid. 

Basic. 

Per  cent. 

Per  cent. 

Graphite 

• 

a  to  3 

2*5  to  3-0 

Silicon        • 

• 

.        2  to  3j 

O'S  to  I -So 

Sulphur 

•        • 

.    'Oi  to  -oS 

Under  -03 

Phosphorus 

•        • 

,  '  'oi  to  'oS 

o*8  to  3*o 

Classiflcation  of  Iron  and  Stool. -^  Among  engineers,  &c., 
the  terras  "cast  iron,"  "wrought  iron,"  and  "steel,"  are  used. 
An  International  Commission  at  Philadelphia,  in  1878,  adopted 
a  classification  based  on  the  proportion  and  condition  of  carbon 
in  the  metal,  as  follows : — 

I.  Fig  iroUy  with  2*3  per  cent,  and  more  of  carbon,  melts 
at  a  comparatively  low  temperature  (1075^  to  1275°  C.),  and 
cannot  be  forged. 

a^  While  pig  iron  ;  all  the  carbon  is  combined  with  the 
iron  ;  the  compound  is  very  hard,  brittle,  white,  and  is 
made  solely  for  the  purpose  of  being  converted  into 
malleable  iron. 

^,  Grey  pig  iron ;  in  which  more  or  less  of  the  carbon  is 
present  in  the  form  of  graphite.  The  metal  is  soft,  tough, 
grey  to  black,  and  is  used  for  conversion  into  malleable 
iron  and  steel,  or  for  the  production  of  castings. 

I I.  Steel  with  i'6  to  0*4  per  cent,  of  carbon  melts  at  1400°  C 
By  sudden  cooling  of  a  red-hot  mass  the  hardness  is  consider- 
nbly  increased. 

I I I.  Weld  iron  with  less  than  0*4  per  cent,  of  carbon  melts 
at  lOoo^  C.  and  above.     It  cannot  be  appreciably  hardened. 

The  Commission  further  decided  that : — 

I.  Every  malleable  compound  of  iron,  containing  the  ordi- 
nary elements  of  that  metal,  which  is  obtained  either  by  the 
union  of  pasty  masses  of  iron,  or  by  any  process  not  involving 
fusion,  and  which  cannot  be  hardened  by  the  ordinary  method, 
shall  be  called  weld  ircn^  This  is  what  was  formerly  known  as 
wrought  iron. 
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3.  Any  analogous  compound,  which  by  any  cause  hardens, 
shall  b^  called  weld  stuL  This  had  hitherto  been  termed 
puddled  stcd, 

3.  Every  malleable  compound  of  iron  containing  the  ordinary 
constituents  of  that  metal,  which  is  obtained  and  procured  in 
the  fused  state,  but  which  does  not  harden  by  the  ordinary 
methods,  shall  be  known  as  ingot  iron* 

4.  Every  compo.und  similar  to  the  last,  but  capable  of 
hardening  from  any  cause  whatever,  shall  be  called  ingot  steel, 

'    The  following  is  a  description  of  the  influence  which  the 
more  important  elements  have  upon  iron  : — 

Iron  and  Carbon. — ^The  combination  of  iron  with  carbon 
is  the  most  important  of  all  the  combinations  of  iron.  Iron 
immediately  reduced  from  its  ores  assimilates  from  i  to  4}  per 
cent,  of  this  element,  and  may  either  be  present  in  the  uncom- 
bined  form  as  graphite,  or  in  actual  chemical  combination  as  a 
carbide  of  iron.  As  mentioned  above,  the  property  of  the 
metal  is  totally  different,  even  with  the  same  proportions  of 
carbon,  unless  it  be  present  in  the  same  form.  Carbon,  up  to 
a  certain  point,  decreases  the  ductility  and  increases  the  tenacity 
of  iron.  A  most  important  function  played  by  carbon*in  steel 
is  that  of  tempering.  The  temper  of  steel  depends  upon  the 
proportion  of  carbon  jjresent  and  the  rate  of  cooling.  The 
process  of  tempering  consists  in  hardening  the  steel  to  its 
maximum  by  first  heating  it  to  a  certain  temperature,  and  then 
plunging  into  water  or  a  salt  solution,  and  then  heating  the 
steel  up  to  a  certain  temperature  according  to  the  degree  of 
hardness  required,  and  then  allowing  it  to  cool  slowly.  The 
temperature  required  for  a  given  temper  is  ascertained  by  the 
colour  produced  on  the  surface  of  the  metal,  due  to  incipient 
oxidation.  The  colour  varies  from  a  very  faint  yellow,  through 
shades  of  yellow,  brown,  to  dark  blue.  An  experienced 
workman  can  thus  tell  when  to  suspend  the  heating. 

The  following  table  shows  the  temperatures  and  colours  of 
steel  tempered  for  various  articles :— 
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Teiuporatara  F.  .       Colour.  Temper. 

430  Very  faint  yellow.  Lancets. 

4SO  Pale  Ftraw.  Razors  and  surgical  instruments. 

470  Full  yellow.  Penknives. 

490  Brown.  Scissors  and  cold  chisels. 

SIC  Brown  with  purple  spots.    A^es,  plane  irons,  pocket-knives. 

S30  Puiple.  Table  knives,  large  shears. 

SSO  Bright  blue.  Swords,  watch  springs. 

560  Full  blue.  Fine  saws,  augers. 

600  Dark  blue.  Hand  and  pit  saws. 

The  hardness  of  steel  containing  a  given  quantity  of  carbon 
will  depend  upon  the  rate  at  which  the  metal  was  cooled,  and 
also  upon  the  amounts  and  nature  of  other  elements  present, 
such  as  silicon,  sulphur,  phosphorus,  manganese,  &c.  It 
appears  that  1-5  per  cent,  of  carbon  in  a  steel  is  the  maximum 
amount  that  can  be  present  to  render  it  workable.  Steel  with 
I  per  cent,  of  carbon  welds  well,  and  makes  good  cold  chisels. 

The  following  are  ideal  percentages  of  carbon  in  steels 
suitable  for  various  purposes,  assuming  the  other  elements  to 
be  present  in  normal  quantities  :-^ 

Per  cent. 

I '3    to  I'S    Razors  and  chilled  roll  tools. 
1*2   to  1-4    Saw  files. 
y\    to  I '2    Drills,  turning  tools,     c. 
I    to  I' I    Spindles,  large  turning  tools,  millpicks,  &c. 

•8    to  1*0    Shears,  dies,  cold  sets,  &c. 

*3    to    'S    '^yr^y  rails,  cannon,  &c. 

*2    to    *3   Boilerplates. 

•IS  to    *20  Crank  asles. 

•09  to    '13  Tin-bars. 

The  following  analyses  show  that  excess  of  silicon  in  presence 
of  excess  of  carbon  is  injurious  to  steel  used  for  tyres,  axles, 
and  steel  plates  for  bridges : — 


Bad  Steel. 

Good  Steel. 

I 

Per  cent. 

2 

Per  cent. 

I                  a 

Per  cent.    Per  cent. 

Combined  Carbon  and  Graphite 

•40 

•53 

•35              -49 

Silicon 

• 

•59 

.64 

•OS              -01 

Phosphorus 

• 

•01 

•03 

nil           *03 

Sulphur    . 

• 

•01 

•06 

»             -03 

Manganese 

r 

nil 

•OS 

•57 

Copper      . 

• 

il 

•03 

•01               '0^ 
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Much. has  yet  to  be  learnt  as  to  the  state  in  which  carbon 
exists  in  steel,  and  as  to  the  exact  influence  exerted  upon  the 
metal  by  varying  proportions  of  this  element,  especially  in  the 
presence  or  absence  of  other  elements,  andas  to  how  far  molecular 
change  in  the  iron  itself  influences  its  hardness,  &c.  Abel  has 
shown,  from  experiments  made  on  the  slow  solvent  action  of 
chromic  acid  upon  soft  steel,  that  there  exists  a  carbide  of 
iron  of  the  formula  FejC,  and  Berthier,  in  1833,  isolated  a 
carbide  with  the  formula  FeC.  It  would  appear,  however, 
that  the  mode  of  existence  of  caibon  in  iron  does  not  alto- 
gether explain  the  reason  of  tempering  and  hardening^  because 
it  is  possible  to  obtain  a  soft  steel  by  the  rapid  cooling  of  the 
metal  containing  carbon  in  the  ''hardening"  form;  here  is 
doubtless  a  case  of  alteration  of  molecular  structure  of  the 
metal  itself.  Osmond  has  advanced  a  theory  in  which  it  is 
held  that  there  are  two  kinds  of  iron^  the  arrangement  of  the 
atoms  in  the  molecules  of  which  will  determine  the  degree  of 
hardness  of  the  metal  irrespective  of  the  presence  of  carbon. 
Mr.  Anderson  has  stated  that ''  when  by  the  agency  of  heat, 
molecular  motion  is  raised  to  a  pitch  at  which  incipient  fluidity 
is  obtained,  the  particles  of  two  pieces  brought  into  contact 
will  interpenetrate  or  diffuse  into  each  other,  the  two  pieces  will 
unite  into  a  homogeneous  whole  ;  we  can  thus  grasp  the  full 
meaning  of  the  operation  of  welding." 

The  following  interesting  results  were  obtained  by  Mr. 
Spencer,  showing  the  influence  of  hardening  and  annealing 
upon  the  condition  of  carbon  in  steel : — 

Before 
-.  f.  Hardening.       Hardened.         Annealed. 

No.  I   SAMPLE.  Per  cent.  Per  cent.  Per  cent. 

Combined  Carbon  (colour  (est)     .    0-89  0-58  0*98 

Graphitic  Carbon  .        •        .0-19  trace  0-20 

Total  Carbon        ....    1*18  0-58  1-18 

Total  Carbon  by  combustion         .1*18  1*09  1*20 


Loss    0*51 

No.  2  Sauple. 

Combined  Carbon  (colour  test) 

.    0'8o 

0'66 

079 

Graphitic  Carbon          •        • 

•    034 

0-07 

0-44 

Total  Carbon 

•    114 

073 

i'«3 

Total  Carbon  by  combustion 

.    Ill 

i-io 

1*19 

T./v»«       "if 
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No,  3  Sample. 
Combined  Carbon  (colour  tc^t] 
Graphitic  Catbon         • 
Total  Carbon 
Total  Carbon  by  combustion 


Before 

Hardening. 

Perc«snt. 

.  038 

.  0  0| 

.  042 

.  030 


Hard«ned. 
Per  cebU 

AnneaUd. 
Per  cent. 

0*22 

038 

nil 

trace 

0'22 

038 

034    . 

038 

Loss 
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Iron  and  Silicon. — This  element  when  present  in  notable 
quantities  produces  both  cold-shortness  and  red-shortness.  Its 
effect,  however,  is  influenced  by  the  amount  of  other  elements 
present,  especially  carbon.  If  a  steel,  for  instance,  contains 
only  o'l  per  cent,  of  carbon,  as  much  as  0*5  per  cent,  of  silicon 
may  be  present  without  producing  a  brittle  metal,  while  if  in 
addition  to  the  0*5  of  silicon  there  is  present  from  0*4  to  0*6 
per  cent,  of  carbon  the  steel  will  be  cold-short  and  red-short. 
The  presence  of  a  small  quantity  of  silicon  in  steel  increases  its 
tensile  strength  and  lowers  the  limit  of  elasticity. 

The  following  diagram  illustrates  interesting  mechanical 
results  obtained  by  Mr.  R.  A.  Hadfield,^  with  varying  quan- 
tities of  silicon  upon  mild  forged  steel : — 


Fig.  X. 


It  win  be  seen  that  the  upper  curves  indicate  the  results  of 
tensile  tests  in  tons  per  square  indh,  while  the  lower  curves 

•  •  •  « 

^  journal  of  Iron  and  Steel  Institute^  No.  I  (1889),  p.  222^ 


IRON  AND  SULPHUR.  3 1 

show  the  elongations  and  percentages.  When  the  silicon  pre- 
sent in  fniU  steel  exceeds  about  2  per  cent,  its  elongation 
rapidly  diminishes. 

Mn  Turner  has  studied  the  influence  of  silicon  upon  iron  ani 
Sjteel,  the  following  being  results  obtained  by  him  with  varying 
quantities  of  silicon  in  cast  iron : — 


Silicon 

Breaking 

Load. 

Modulus  of 

Per  cent. 

Tons  per  iqaarc  inch. 

Elaiticity. 

0 

10-14 

25>79  millions 

0-5 

12-31 

2867 

«» 

1 

12  72 

3118 

it 

2 

1570 

23-56 

•  f 

25 

14-62 

25-45 

It 

3 

12-23 

21-15 

»> 

4 

11*28 

J5^ 

i» 

5 

10' 1 6 

18-72 

ft 

7-5 

5*31 

1475 

II 

10 

4-75 

13*93 

»> 

It  will  be  seen  that  any  further  addition  of  silicon 
beyond  2*5  percent,  causes  a  gradual  deterioration  in  strength. 
Silicon  plays  a  very  important  part  in  preventing  blo\v*holes  in 
iron  and  steel.  The  addition  of  siliceous  pig  iron,  containing 
a  high  proportion  of  manganese,  to  molten  steel,  makes  sound 
castings,  the  silicon  preventing  the  formation  of  blow-holes 
owing  to  its  oxidizing  any  carbonic  oxide  present  in  solution 
before  actual  solidification. 

Iron  and  Snlphnr. — ^The  effect  of  sulphur  upon  iron  and 
steel  is  to  cause  red^shortness,  0*1  per  cent,  often  causing  iron 
steel  to  roll  badly  and  destroying  its  welding  power.  Man- 
ganese has  a  powerful  effect  in  preventing  the  red-short  in- 
fluence of  sulphur,  while  steel  containing  0*1  per  cent,  of 
sulphur  with  very  little  manganese  cannot  be  properly  rolled, 
yet  the  presence  of  *6  to  i  per  cent,  of  manganese  will  make 
such  sulphurous  steel  roll  without  a  flaw. 

The  following  are  analyses  of  steels  by  Herr  Wasum  contain- 
ing various  amounts  of  sulphur^  with  remarks  on  their  rolling 
properties:— 
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Phot- 

Man- 

Roltinc 

No. 

Carbon. 

Silicon. 

phorus. 

ganese. 

Su!phur. 

Copper. 

Qvalitici. 

I 

•280 

'I60 

•049 

•634 

•!I9 

•050 

Good 

2 

•393 

•141 

•065 

•695 

•158 

•O|0 

Good 

3 

•258 

•136 

•043 

•500 

'201 

•076 

Bad 

4 

•307 

•075 

•039 

•488 

•214 

•057 

Bad 

5 

-224 

•089 

•030 

•480 

•231 

•066 

Veiy  bad 

Iron  and  Manganese. — The  eflect  of  small  quantities  of 
manganese  on  steel  is  to  produce  sound  castings  and  neutralize 
the  injurious  influence  of  sulphur ;  about  *6  to  i  per  cent,  is  the 
usual  amount  present  in  steel  rails  and  '3  to  *4  per  cent,  in 
soft  steels,  such  as  tin-bars,  &c.  Hadfield  has  produced  a  very 
remarkable  alloy  of  iron,  manganese,  and  carbon,  which  he 
terms  manganese  steel,  containing  about  14  per  cent,  of 
manganese  and  about  i  percent,  of  carbon.  By  quenching  such 
steel  from  a  white  heat  it  is  made  very  tough  and  strong ;  it 
rolls  and  forges  well  and  is  singularly  free  from  blow-holes. 

Iron  and  Aluminium. — ^The  presence  of  o'l  to  0*2  per 
cent,  of  aluminium  hardens  steel,  but  the  metal  may  be  rendered 
very  soft  by  annealing  in  addition  and  hardening ;  the  small 
quantity  of  aluminium  materially  increases  the  fluidity  of  the 
metal  and  is  said  to  lower  the  melting  point  by  some  200?. 

Iron  and  Copper. — ^The  eflect  of  copper  upon  steel  was 
formerly  considered  to  render  it  red-short,  but  Herr  Wasum  has 
shown  that  o'86  per  cent,  of  copper  may  be  present,  provided 
the  sulphur  be  not  excessive,  and  yet  the  metal  will  roll  perfectly 
sound,  and  Messrs.  Ball  and  Wingham""  have  proved  that  the 
element  increases  the  tensile  strength  of  steel. 

The  following  are  analyses  and  efliects  of  copper  and  of 
copper  and  sulphur  upon  the  rolling  qualities  of  steel : — 

Invlvencs  of  Copper. 


Phos- 

Manga- 

Carbon. 

Silicon. 

phorus. 

nese. 

Sulphur. 

Copper. 

'Rolled. 

No.  I 

•276 

•144 

•064 

•778 

•059 

•452 

V«ry  Good. 

No.  2 

•233 

•091 

•050 

•709 

•c6o 

•862 

Gjod, 

*  journal  Iron  and  SU  J  Institute,  No.  I  (1889},  p.  123, 
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Influence  of  Copper  and  Sulphur. 


a 


Phoa- 

Manga- 

Carbon. 

Silicon. 

phorut. 

nese. 

Stilpbiir. 

Copper. 

Rolled 

No.  I 

•311 

•051 

•061 

•5'4 

•107 

•859 

Goud. 

,»   2 

•281 

'I69 

•059 

•594 

•170 

•429 

Bad. 

»  3 

•235 

•164 

•045 

•468 

•73 

•573 

Bad. 

n  4 

'262 

•131 

"O52 

•655 

•189 

'406 

Bad. 

The  following  diagram  illustrates  the  effect  of  copper  upon 
the  tensile  strength  of  steel  containing  various  proportions  of 
carbon  (Ball  and  Wingham). 


I 


S"'iscirSi'"i 


0  O-M 


Fic.  3. 
The  dotted  cuive  is  that  of  normal  carbon. 

Iron  and  Chromium.— An  appropriate  addition  of  chro- 
mium to  steel  increases  its  tensile  strength.  Chrome  steel  is 
difficult  to  work  hot,  owing  to  the  tendency  of  chromium  to 
oxidize  and  form  slag.  Mr.  Arnold  has  Inade  experiments  with 
steel  tyres  containing  chromium,  and  the  result  shows  that  the 
element  materially  increases  the  tensile  strength  of  the  tyres 
over  ordinary  Bessemer  steeU 

The  following  are  results  obtained.  The  composition  of  an 
ordinary  steel  tyre  was : — 


34  METALS,  ALLOYS,  ETC. 

Percent. 
Carbon         /      .        .        .        .    0-280 
Silicon  .        .        .        .        .    0*070 

Manganese  .      ..        ....      .    ^-250    .. 

SolphttT d-o?o 

Phosphorus  .     ,  .        .      „        .    O'oSo 

The. mechanical,  tests  of  tlie  above  would  give  a  maximum 
tensile  strain  of  37  tons  per  square  inch ;  elongation,  26  per 
cent. ;  reduction  of  area,  47  per  cent. ;  and  fracture^  grey 
granular  with  sillty  edges,  shape  convex  and  concave.  Such  a 
tyre,  with  an  inside  diameter  of  2  ft.  8  in.  and  a  sectional  area 
of  II  in.,  would  behave  under  the  falling  weight  test  in  a 
manner  indicated  by  the  subjoined  figures,  the  weigh^of  the 
tup  being  22  cwt. : — 

FallinFeet  .        .2'        4'       6'        8'        10'        12' ^ 

DeBeclion  in  Inches       .    J"       f       i}"     3A"    4^"     bj" }  **°*^'^"°- 

Steel  was  made,  having  the  following  composition : — 

Per  cent. 
Carbon 0*25 


Silicon    • 
Manganese 
Sulphur 
Phosphorus 


003 
175 

0'12 
O'll 


The  mechanical  tests  gave  a  mean  maximum  strain  of  42*1 
tons  per  square  inch;  mean  elongation,  18  per  cent.;  mean 
reduction  of  area,  26*3  per  cent.  The  mean  results  of  the  tests 
on  many  tyres,  practically  identical  in  composition,  2  ft.  8  in. 
inside  diameter,  and  having  a  sectional  area  of  11  in.,  the 
weight  of  the  tup  being  22  cwt,  were  :t- 

FallinFeet    •       .2'       4'       (/       8'       lo'        12'        14' 
DcBecUon  in  Inches    \('      J"      if"    2*-     3A"      Si"       6J" 

The  analysis  of  a  tyre  steel  required  to  stand  a  strain  of  at 
least  48  tons  per  square  inch  was  : — 

Per  cent. 

Carbon 0*28 

Chromium 0*42 

Manganese     .        .        •        •        •1*54 
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Per  cc  nt. 

Si.icon o-o8 

Sulphur O'lo 

Phosphr^rus 0-09 

The  mechanical  tests  ^ave,  maximum  tensile  strain,  49*8  tens 
per  square  inch;  elongation,  15  per  cent. ;  reduction  of  area, 
26  per  cent. ;  fracture  flat  and  finely  crystalline.  A  tyre  of 
2  ft.  8  in.  diameter  and  of  11  in.  sectional  area  behaved  thus 
under  tlie  22  cwt.  falling  weight : — 

Fall  in  Feet     .        .    2'    4'    6'    8'     10'     12'    14'     16'    18'    20'    25' 
DcBcction  in  Inches    J"    J"  ij"  iH"3A"4r  5 J"    78"  9^  n A  broke. 

A  test  piece  planed  out  of  the  broken  tyre  gave  the  fol- 
lowing results  : — Maximum  tensile  strain,  477  Ions  per 
square  inch;  elongation,  3  per  cent.;  reduction  of  area,  6*4; 
fracture,  large  crystals.  The  molecular  change  set  up  by 
the  shock  and  vibration  of  the  falling  weight  is  thus  clearly 
indicated. 

Iron  and  FhoBphorufl. — The  presence  of  small  quantities 
of  phosphorus  in  iron  and  steel  produces  cold-shortness.  A 
given  quantity  of  this  element  produces  the  same  degree  of 


o  to  015  020 


per       cerf.  — 


Fio.  > 
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cold-shortness  as  the  same  amount  of  sulphur  produces  red- 
shortness.  The  degree  of  hardening  of  iron  or  steel  by 
phosphorus,  however,  depends  upon  the  proportion  of  carbon 
and  silicon  present.  Phosphorus  hardens  steel  to  twice  the 
extent  as  the  same  quantity  of  carbon  does,  and  the  presence  of 
the  element  tends  to  increase  the  tensile  strength  of  iron  and 
steel,  and  in  the  presence  of  carbon  the  limit  of  elasticity  is 
increased.  Mr.  Howe  has  studied  the  influence  of  phosphorus 
upon  steel  in  presence  of  various  amounts  of  carbon  from  0*05 
to  0*4  per  cent,  and  the  diagram.  Fig.  3,  shows  its  effect  upon 
the  tensile  strength  of  the  metal. 

Perckntage  of  Carbon. 

A 0*40  to  0*50 

B 0*30  to  0*40 

C 0*25  to  0*30 

D  •       .        .  .  0-20  to  0*25 

£ O'iotoo-15 

F O'05to0'io 

Iron  and  Tungsten* — ^Tungsten  causes  steel  to  be  very 
hard  ;  steel  containing  tungsten  cannot  be  tempered  except  by 
use  of  oil  Steel  can  contain  as  much  as  10  per  cent,  of 
tungsten  without  injuring  its  forging  properties.  Tungsten 
steel  is  very  fine  grained,  fragile  to  shock,  and  has  a  low  limit 
of  elasticity.  The  metal  is  very  useful  for  making  tools  for 
turning  exceptionally  hard  metal. 

Iron  and  Nickel. — The  presence  of  nickel  up  to  7  per 
cent,  increases  the  elastic  limit  of  tensile  strength  of  steel  while 
the  extensibility  is  rapidly  diminished.  Mr.  J.  Riley*  has 
investigated  the  influence  of  nickel  on  iron  containing  from 
0*22  to  0*85  per  cent,  carbon,  and  0*23  to  0*85  per  cent 
manganese,  with  quantities  of  nickel  varying  from  i  to  49*4 
per  cent,  nickel  in  quantities  varying  from  8  to  15  per  cent, 
causes  such  extreme  brittleness  as  not  to  be  properly  tested 
by  the  usual  mechanical  means.  The  following  diagram  illus- 
trates the  influence  of  various  quantities  of  nickel  upon  iron :— 

«  Journal  of  Iron  and  SU$l  Imiitute,  No.  I  (1889),  p.  45. 
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Methods  for  Complete  Analysis  of  Iron  and  SteeL 

Estimation  of  Silicon,  Sulphur,  Phosphorus,  and  Man- 
ganese.— Take  8  gmis.  of  sample,  brush  into  500  cc  beaker, 
add  70  cc.  of  16  E  HNOa,  heat  gently  until  red  fumes  cease 
to  come  off,  add  cautiously  20  cc.  of  10  E  HCl,  boil  until  all  that 
is  soluble  is  dissolved,  evaporate  to  complete  dryness  on  hot 
plale,  stirring,  heat  on  sand  bath  for  one  hour  at  200°  C.  to 
render  silica  insoluble,  and  to  destroy  organic  matter,  cool, 
add  60  cc.  of  10  E  HCl,  and  boil  until  all  that  is  soluble  goes 
into  solution.  Evaporate  to  50  cc,  dilute  with  distilled  water 
to  120  cc,  filter  off  silicon  and  graphite,  remove  any  adhering 
to  sides  of  beaker  with  the  aid  of  a  feather,  and  wash  with  hot 
5  E  HCl  till  free  from  Fe2Cl«  (this  is  ascertained  by  allowing 
some  of  the  washings  to  drop  into  a  test  tube  containing  a 
little  potassic  sulphocyanide  solution,  when  if  iron  is  present 
a  red  coloration  is  produced).  Reserve  filtrate  for  the  estima- 
tion of  sulphur,  phosphorus,  and  manganese.  Dry  the  silica, 
&c.,  in  the  water  oven,  brush  into  a  weighed  crucible,  ignite 
filter  separately,  add  residue  to  main  portion,  ignite  at  a  bright 
red  heat  for  a  quarter  of  an  hour,  cool  and  weigh  theSiOa,  and 

subtract  filter  ash  from  this  weight.     Remainder  x   g 

==  percentage  of  silicon  present. 

This  aqua  regia  method  gives  results  for  silicon  slightly 
below  the  truth.  Allen's  method,  herein  described,  is  the  most 
accurate,  although  both  are  frequently  used,  as  is  likewise  the 
sulphuric  acid  method,  which  gives  good  results. 

Estimation  of  Sulphur. — The  filtrate  from  the  silica  is 
now  diluted  to  160  cc.  in  a  200  cc.  stoppered  graduated  test- 
mixer  and  thoroughly  mixed,  and  100  cc.  of  this  (=5  grms. 
of  sample),  measured  off  into  a  100  cc.  graduated  cylinder  (the 
residual  60  cc.  is  reserved  for  the  determination  of  phosphorus 
and  manganese)  and  poured  into  a  200  cc.  beaker.  The  free 
acid  is  neutralized  as  far  as  possible  with  5  £  AniHO  (about 
10  cc.  will  be  found  sufficient,  which  must  be  added  gradually, 


METHODS  OF  ANALYSIS.  39 

Stirring  the  solution  thoroughly  before  each  addition)  heated 
to  boiling,  and  10  cc.  of  £  BaCla  solution  added,  stirring. 
Allow  to  stand  for  twelve  hours.  Decant  the  superna- 
tant fluid  as  far  as  possible  from  the  precipitate,  filter  the 
residue  through  a  small ''pure"  filter  paper,  wash  until  Free 

E 
from  iron  salts  with  —  HCl  and  finally  with  water,  dry  in  water 

oven,  brush  BaSO^  into  a  weighed  porcelain  crucible,  ignite  filter 
separately,  and  add  the  ash.  Ignite  the  crucible  and  its  contents 
for  ten  minutes  at  a  dull  red  heat  in  an  oxidizing  flame,  cool 

and  weigh  the  BaSO^,  and  multiply  this  weight  by 

5        » 

Result  =  percentage  of  sulphur  in  sample. 

A  rapid  method  of  estimating  sulphur  in  iron  and  steel, 
consists  in  acting  upon  02  grm.  of  the  sample  with  6  £ 
H3SO4  and  passing  the  gas  formed  through  a  solution  of  lead 
acetate  containing  0*2  grm.  of  the  salt  per  litre,  arid  comparing 
colour  of  lead  sulphide  produced  with  a  sample  containing  a 
known  quantity  of  sulphur  as  estimated  by  the  BaCIj  method. 

EBtimation  of  Fhpsphorus.— Measure  off  accurately 
40  cc.  (=2  grms.  of  sample)  of  the  original  solution  as  left 
above  (reserving  the  remaining  20  cc.  for  the  estimatioji  of 
manganese)  into  an  go  cc.  beaker,  add  6  cc.  of  16  E  HNO3, 
evaporate  on  water  bath  to  dryness,  redissolve  in  6  cc.  of 
3  £  HNOj,  dilute  to  15  cc,  gradually  add,  stirring,  20  ca  of 
ammonic  molybdate  reagent  (prepared  by  dissolving  55*5  grms. 
of  molybdenum  trioxide  (M0O9)  in  a  mixture  of  94  cc.  of  20  £ 
AmHO  and  1 50  cc.  of  water  and  filtering  into  694  9c.  of  HNOs 
sp.gr.  J '2  =  6: IS  E,  diluting  to  1,000  cc.  with  2  EHNQs,  flow- 
ing to  stand  for  twelve  hours  at  50''  C.  filtering  and  l?ot^lii)g), 
allow  to  stand  for  three  hours  at  40^  C.  with  occasional  stiiixipg, 
filter  through  a  small  paper  and  wash  until  free  from  iron  salts, 

£  - 

first  with  —  HNO3  (test  the  Solution  to  ascertain  if  precipita- 
tion was  complete  by  adding  10  cc.  more  of  molybdate  reagent 
to  the  filtrate  and  digesting  at  40^  C),  and  then  with  water. 
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until  free  from  acid.  Spread  the  filter  on  a  watch  glass  and  dry 
in  water  oven,  brush  off  the  yellow  precipitate  of  phosphomo- 
lybdate  of  ammonium  into  a  weighed  crucible,  and  dry  at  loo^ 
C.  until  weight  remains  constant.  The  precipitate  as  dried  at 
100^  C*  contains  1*63  per  cent,  of  phosphorus,  so  that  by 

multiplying  by —  wc  get  percentage  of  phosphorus 

in  sample. 

Estimation  of  Manganese. — The  residual  20  '  cc.  of 
original  solution  (=  i  grm.  of  sample)  left  from  above  are  poured 
into  a  litre  flask,  diluted  to  250  cc,  and  neutralized  with  5  E 
Am^COs  solution,  adding  small  quantities  at  a  time,  and 
vigorously  shaking  until  a  slight  permanent  precipitate  is  pro- 
duced. This  is  now  dissolved  by  adding  two  or  tlu-ee  drops  of 
xo  £  HCl,  and  then  adding  2  cc.  in  excess ;  20  ca  of  5  £  am- 
monic  acetate  solution  are  now  added,  and  the  solution  diluted 
to  800  cc,  and  boiled  for  ten  minutes.  Filter  off  quickly  the 
basic  acetate  of  iron  [FeA3,Fe3(HO)c]  through  a  large  ribbed 
filter  paper  into  a  1,500  cc  flask,  wash  quickly  half-a-dozen  times 
with  boiling  distilled  water,  cool  the  filtrate  to  ordinary  tempera- 
ture, add  3  cc.  of  bromine,  shake  well  until  all  is  dissolved 
(the  object  of  the  bromine  here  is  to  convert  the  manganous 
acetate  in  solution  into  manganic  acetate),  allow  to  stand  for 
five  minutes  and  add  20  cc  of  20  £  AmHO,  boil  for  ten 
minutes,  filter  ofl"  the  manganic  hydrate  [Mn(H0)2]  hot,  wash 
with  hot  water  until  free  from  ammoniacal  salts,  dry  in  water 
oven,  scrape  precipitate  into  a  tared  crucible,  ignite  filter 
separately,  add  ash,  gradually  ignite  to  full  red  heat  for 
five  minutes,  and  then  at  a  higher  temperature  over  a  blow 
lamp  for  five  minutes,  taking  care  to  avoid  reducing  gases. 
Cool  and  weigh  the  MusO*  produced  which  x  7205  x  100 
=  percentage  of  manganese  present  in  sample. 

Estimation  of  Graphite  and  Silicon. — {Alien's  Method.) 
— ^Weigh  out  5  grms.  of  sample  into  a  200  cc  beaker,  add 
70  cc.  of  ^  £  HCl,  he$it  until  dXl  that  is  soluble  is  dissolved. 
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fitter  into  a  500  cc.  beaker,  wash  the  precipitate  four  or 

E 

five  times  with  —  HCU  and  afterwards  three  or  four  times  with 

10 

water.  The  filtrate  is  now  placed  on  a  water  bath  to  evapo- 
rate. Wash  the  precipitate  of  silica  and  graphite  into  a  silver 
crucible  of  about  50  cc  capacity,  by  means  of  a  fine  jet  of 
water  from  a  wash  bottle,  add  to  it  ii  grms.  of  potassic 
hydrate,  dilute  to  about  40  cc,  put  on  cover  and  p^ace  in 
water  bath  for  twenty  minutes  with  occasional  stirring.  The 
silica  is  thus  dissolved,  the  graphite  being  insoluble,  which  how- 
ever always  retains  a  small  proportion  of  silica  undissolved. 
Wash  out  into  a  beaker,  dilute  to  about  120  cc.  and  filter  ofi" 
graphite,  adding  the  filtrate  to  former  on  water  bath,  after  pre- 
viously adding  20  cc  of  10  £  HCl.  Evaporate  to  complete 
dryness  and  heat  on  sand  bath  to  160^  C.  for  one  hour,  cool, 
moisten  residue  with  10  cc.  6f  10  E  HCl,  heat  on  water 
bath  for  half  an  hour,  dilute  to  about   100  cc,  boil,  filter 

E 

and  wash  with   —   HCl  till  free  from  iron,  and  finally  with 

distilled  water  till  free  from  acid.    Dry  in  water  bath,  brush 

into    a    weighed    crucible,    heat   gradually   to  full    redness 

for  ten  minutes,  cool  in  desiccator,  and  weigh  the    SiO^. 

SiO,  X  -4667  X  100  ,         ^  .,. 

— = ^ — = =  percentage  of  silicon. 

The  graphite  on  the  filter  is  washed  off  into  a  small  beaker 
by  means  of  a  jet  of  water  from  a  wash  bottle,  and  evaporated 
to  dryness  on  a  water  bath,  after  which  a  mixture  of  15  cc. 
10  E  HCl  and  5  cc  16  E  HNO,  is  added,  and  boiled  for  ten 
minutes  to  dissolve  out  any  iron,  &c  Dilute  to  60  cc,  filter 
and  wash  till  free  from  iron.  Dry  in  water  oven,  brush 
precipitate  into  a  weighed  crucible,  and  reject  filter  paper. 
Heat  in  an  air  bath  regulated  to  160^  C.  for  one  hour,  cool 
and  weigh.  Ignite  until  all  graphite  has  burned  off,  cool  and 
reweigh.  The  residue  left  here  (should  not  exceed  2  milligrams) 
is  deducted  from  the  graphite,  &c,  as  dried  at  160^  C,  and 

100 
the  difference  is  taken  as  graphite,  which  x  —  =  percentage 

graphite. 
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Estimation  of  Combined  Carbon. — There  are  two 
methods  in  use — 

(i)  Combustion  method ^  which  involves  the  separation  of 
the  carbon,  which  is  ignited  in  a  current  of  oxygen,  and  the 
resulting  CO,  absorbed  and  weighed. 

(a)  Colorimdric  method.  In  this  method  it  is  assumed  that 
when  a  steel  is  dissolved  in  6  E  HNO3,  the  colour  of  the  result- 
ing solution  is  proportionate  to  the  amount  of  combined  carbon 
present.  A  steel  in  which  the  combined  carbon  has  been  esti- 
mated by  the  combustion  method  is  taken  as  a  standard,  and 
the  sample  is  diluted  until  the  tints  are  coincident,  when  the 
percentage  of  carbon  is  easily  deduced. 

(i)  Combustion  Method  {Total  Carbon). — Estimation  of  Com- 
bined Carbon  and  Graphite. — Weigh  out  5  grms.  of  the  sample 
in  a  300  cc.  beaker,  and  pour  on  250  cc.  of  Creath's  solu- 
tion. (This  may  be  prepared  in  the  following  manner  : 
Weigh  out  170  grms.  of  pure  recrystallized  cupric  chloride  and 
107  grms.  of  pure  ammonic  chloride,  and  dissolve  in  500  cc. 

E 

of  water,  after  which  run  in  gradually  from  a  burette  —  NaHO 

solution,  stirring,  until  a  permanent  precipitate  of  cupric  hydrate 
[Cu(H0)3]  is  produced.  Any  free  acid  is  thus  neutralized. 
Filter  off  and  dilute  to  1,000  cc.)  The  solution  is  allowed  to 
act  upon  the  sample  for  about  a  quarter  of  an  hour,  with 
frequent  stirring,  and  a  gentle  heat  is  applied  until  all  the  iron 
has  gone  into  solution,  which  can  be  ascertained  by  pressing  the 
precipitated  copper  with  a  glass  rod,  and  observing  if  any  par- 
ticles of  iron  remain  undissolved.  When  this  is  accomplished, 
the  solution  is  heated  to  about  90^  C.  and  kept  at  this  tempera- 
ture until  all  the  copper  has  gone  into  solution, 
leaving  the  carbon,  &c.,  suspended  in  the  fojra  of 
a  fine  precipitate.  It  now  becomes  necessary  to  4 
filter  off  the  carbon  through  an  asbestos  plug,  pre- 
paratory to  its  combustion  in  oxygen.  Some  pure 
long-fibre  asbestos  is  ignited  at  a  bright  red  heat 
for  about  half  an  hour  in  a  porcelain  crucible,  to 
destroy  any  organic  matter  present,"  and  cooled  in  ^^^'  ^ 
a  place  free  from  dust    A  piece  of  tubing  about  an  inch  in 
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diameter  is  drawn  out  as  in  a,  Fig.  5,  and  a  disc  of  perforated 
zinc,  B,  fitted  into  the  contraction.  Some  of  the  asbestos 
is  now  roughly  powdered  in  a  clean  mortar  with  a  little 
water,  and  the  wliole  poured  on  to  the  zinc  plate,  a  quantity 
of  asbestos  being  taken  sufficient  to  make  a  stratum  in  the 
tube  about  .an  inch  high.     Another  quantity  of  asbestos  is 


Heater  Tap 


Fig.  5. 

taken  and  powdered  with  water  in  the  mortar  very  finely,  and 
this  is  poured  on  the  top  of  the  other  until  a  layer  of  about 
a  quarter  of  an  inch  thick  is  obtained.  This  makes  a  good 
filter,  capable  of  retaining  the  most  finely  divided  precipi- 
tates. It  is  now  fixed  into  the  cork  k  of  the  flask  m,  Fig.  6, 
and  filled  with  water,  and  a  gentle  stream  of  water  made  to  pass 
through  the  ejector,  d,  when  a  partial  vacuum  is  formed  in  m. 
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and  the  liquid  is  soon  filtered  into 
M.  G  is  a  reservoir,  which  serves  to 
obtain  a  steady  pull  on  a,  the  de- 
gree of  vacuum  being  registered  by 
the  tube,  h,  which  dips  into  mer- 
cury contained  in  the  bottle,  i.  The 
solution  containing  the  precipitated 
carbon  is  now  filtered  through  a, 
with  the  aid  of  the  ejector  (about 
3"  of  vacuum  will  usually  be  found 
sufficient),  and  washed  with  5  E 
HCl  till  free  from  copper  chloride, 
and  the  acid  afterwards  washed  out 
with  distilled  water,  and  allowed  to 
drain  as  far  as  possible,  a  is  taken 


Fig.  7. 

out  and  put  into  a  water  oven  to 
dry,  B  having  been  previously 
pushed  half-way  up  the  tube;  when 
perfectly  dry,  the  disc  and  its  con- 
tents are  pushed  out  of  the  tube 
with  a  glass  rod  on  to  a  clean  watch 
glass,  and  the  under  portion  of  the 
asbestos  which  does  not  contain 
any  admixed  carbon  is  detached  as 
far  as  possible  by  means  of  a  pair  of 
forceps.  The  remainder  containing 
the  whole  of  the  carbon  is  then 
placed  into  a  platinum  boat  (Fig. 
7),  which  is  after^'ards  introduced 
into  the  combustion  tube,  D,  in 
position  shown  in  Fig.  8.    As  will 
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be  seen  in  the  sketch,  the  tube,  besides  the  boat,  contains  cop- 
per gauze  and  copper  oxide  in  the  proportions  seen ;  the  tube 
should  be  about  28  in.  long  and  about  i  in.  in  diameter.  The 
copper  oxide  should  be  in  a  granular  form  and  recently  ignited. 
The  cylinder,  a,  contains  36  £  HtSOi,  and  is  connected  with 
the  tubes  x  and  y  to  gas  holders  containing  oxygen  and  air 
respectively,  and  also  to  the  cylinder,  b,  which  is  filled  with 
good  recently  ignited  soda  lime ;  c  is  a  y  tube  containing 
small  pieces  of  caustic  potash.  These  three  tubes  serve  to 
absorb  any  moisture  or  CO2  that  is  present  in  the  oxygen  or 
air  that  passes  through  the  tube ;  e  is  a  tube  containing  CaCls, 
which  absorbs  any  moisture  that  may  be  given  off  from  the  CuO, 
&c  ;  p  is  Giessler's  potash  bulbs  which  contain  8  £  KHO 
solution,  and  g  is  a  small  tube  containing  CaClt,  which  serves 
to  absorb  any  moisture  given  off  from  f.  When  all  is  ready 
for  combustion,  f  and  G  are  acctuately  weighed  and  attached 
to  E,  the  tube,  d,  of  course  being  placed  in  a  combustion 
furnace.  The  ends  of  the  tube  containing  the  copper  gauze 
are  first  gradually  heated  to  redness,  a  gentle  current  of  oxygen 
being  made  to  pass  through  the  apparatus.  The  copper  oxide  is 
then  gradually  heated  to  its  full  length  to  bright  redness,  and 
then  the  part  containing  the  boat  is  likewise  gradually  heated  to 
bright  redness,  the  oxygen  passing  through  the  potash  bulbs 
about  the  rate  of  a  bubble  a  second;  after  going  for  about 
an  hour,  all  the  carbon  being  oxidized,  the  oxygen  is  turned 
off  and  air  turned  on  at  about  the  same  rate;  meanwhile  the 
gas  is  turned  out,  and  after  the  air  has  been  passing  through  for 
about  a  quarter  of  an  hour,  f  and  G  are  detached  and  weighed. 

Increase  in  weight  x  =  percentage  of  total 

carbon. 

Determination  of  Graphite  by  ambustion.  -*— 10  grms. 
of  the  sample  of  steel,  or  2  grms.  of  pig  iron  are  dissolved  in 
60  cc  of  8  £  HCl,  and  diluted  to  120  cc,  and  the  graphite,  &c, 
filtered  off  in  the  manner  as  described  for  total  carbon.  When 
all  iron  and  acid  are  washed  out,  some  warm  £  NaHO  solution 
16  allowed  to  percolate  through ;  this  is  washed  out  with  water 
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and  the  graphite  dried  and  estimated  by  the  above  process. 
In  deducting  the  graphite  thus  found  from  the  total  carbon, 
the  amount  of  combined  carbon  is  hereby  attained. 

The  following  is  an  example  of  an  actual  determination  of 
graphite  and  combined  carbon  in  a  steel  rail  by  the  foregoing 
process. 

Total  Carbon. 

Five  grms.  of  sample  taken. 

Grmt. 
Potash  Bul!)3  before  combastion  .....     37*7658 

n         ,.      atrr  , 37*8444 

\Vt.  of  CO2 -0786 

•0786  X  '27273  X  100  ..IV 

-^ ,     '^ =  -429  per  cent,  to.al  carbon. 

\  5 

* 

Graphite. 

Ten  grms.  of  sample  taken. 

Grms. 
Potash  Bulbs  before  combus  ion 38*0313 

after  „  38'<H34 


»»         >» 


"Wt.  ofCOa 0121 

•0121  X  '27273  X  100  ^  ,  ., 
— — '   '^     =  '033  per  cent,  graphite. 


10 


Combined  Carbon. 
•429  —  -033  =  '396  per  cent,  combined  caibon. 

(2)  Estimation  of  Combine  J  Carbon  by  Eggertz^  Cohri'- 
fnetric  Method.  —  The  principle  of  this  method,  as  already 
stated,  is,  that  when  steel  is .  dissolved  in  6  £  HNOs  a 
more  or  less  brown  colour  is  produced,  which  may  be  taken 
as  being  in  proportion  to  the  amount  of  combined  carbon 
present.  A  standard  steel  is  first  selected,  the  combined 
carbon  in  which  has  been  previously  determined  by  com- 
bustion. It  is  important  that  the  amount  of  carbon  present 
in  the  standard  should  be  somewhat  near  to  that  expected  in 
the  sample«    It  would  be  wise  to  keep  at  least  three  standards 


^ 
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(i)  containing  about  i  per  cent,  carbon  for  tool  steels,  &c.; 
(2)  containing  '40  per  cent,  for  rails,  tyres,  &c.:  (3)  containing 
-20  per  cent,  for  axles  and  soft  steels  generally.  Suppose  we 
have  to  determine  the  combined  carbon  in  a  sample  of  rail 
steel  by  this  method.  Select  two  test  tubes,  5  in,  by  J  in., 
and  weigh  into  them  ci  grm.  of  the  0*4  per  cent,  standard, 
and  o'  I  grm.  of  the  sample  respectively,  and  add 
to  each  2  cc.  of  6  E  HNO3.  A  beaker  of  water 
or  a  copper  bath  arranged  with  a  perforated  false 
bottom,  through  which  the  test  tubes  can  pass,  is 
made  to  boil,  and  the  test  tubes  put  in  and  allowed 
to  stay  in  the  boiling  water  for  exactly  a  quarter 
of  an  hour  with  occasional  shaking,  after  which  they 
are  taken  out  and  allowed  to  cool.  The  standard 
is  now  poured  out  into  a  graduated  tube  (Fig.  9), 
holding  20  cc.  graduated  in  tV  cc,  and  diluted  to 
8  cc,  each  cc  of  which  will  now  equal  '05  per 
cent,  of  combined  carbon.  Pour  the  sample  into  a 
similar  tube,  and  dilute  with  small  quantities  of  water 
delivered  from  a  wash  bottle,  and  compare  tints 
after  each  addition,  until  the  colours  are  seen  to  be 
as  near  as  possible  alike.  A  piece  of  tissue  paper 
held  behind  the  tubes  renders  the  observation  more 
exact.  Suppose  that  when  6*5  cc.  was  reached  the 
colours  were  alike,  the  amount  of  carbon  present  p^^ 
would  be  6'5  x    05  =  -325  per  cent.. 

Sulphurio  Aoid  Method  for  the  Estimation  of  Silicon. 

—The  following  method  will  be  found  to  give  good  results  for 
silicon  determinations: — 10  grms.  of  the  sample  are  weighed 
out  into  a  400  cc  beaker,  dissolved  in  120  cc.  of  5  £ 
H3SO4,  evaporated  as  far  as  possible  on  a  water  bath,  and 
then  heated  on  a  sand  bath  or  hot  plate  until  fumes  of  HaSOi 
are  evolved.  The  beaker  is  now  cooled,  120  cc  of  distilled 
water  poured  cautiously  on  to  the  residue,  the  solution  boiled 
up  for  a  short  time,  the  insoluble  silica  filtered  off,  washed 
^  free  from  acid,  and  determined  as  directed  on  page  38. 
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BapidMethodfor  Fhosplioriui  Determination. — 5  grams 
of  the  sample  of  iron  or  steel  are  gradually  added  to  a  mixture 
of  30  cc.  of  16  £  HNOs  and  20  cc.  of  10  £  HCl  contained  in 
a  300  cc.  beaker ;  the  mixture  is  then  cautiously  heated  until 
all  that  is  soluble  is  dissolved,  evaporated  to  dryness,  and 
the  residue  heated  up  to  about  200^  C.  for  some  time,  to 
destroy  organic  matter.  This  is  very  essential,  as  the  presence  of 
organic  matter  prevents  to  some  extent  the  subsequent  complete 
precipitation  of  the  phosphorus.  The  residue  is  now  dissolved 
in  about  30  cc.  of  10  £  HCl  with  the  aid  of  a  gentle  heat, 
diluted  with  distilled  water  to  about  60  cc.,  and  the  solution 
filtered,  and  received  in  a  700  cc.  Phillips*  conical  beaker, 
which  is  afterwards  evaporated  to  about  20  cc. ;  6  cc.  of  16  £ 
HNO3  is  now  added  together  with  40  cc  of  alkaline  ammonic 
molybdate  solution  (prepared  by  dissolving  52  grams  of  molyb- 
date  of  ammonia  in  a  mixture  of  200  cc.  of  20  £  AmHo  and 
800  cc.  of  water).  20  £  AmHo  is  now  cautiously  added  until 
the  whole  of  the  iron  is  precipitated  as  hydrate,  and  a  slight 
excess  of  ammonia  is  present;  16  £  HNOs  is  now  gradually 
added,  the  solution  at  the  same  time  being  vigorously  shaken, 
until  all  the  hydrate  of  iron  is  dissolved,  and  there  remains 
about  5  cc.  of  16  £  HNO3  in  excess ;  the  conical  and  its  con- 
tents are  now  kept  at  a  heat  of  about  90^  C.  for  half  an  hour, 
after  which  the  phospho-molybdate  of  ammonia  is  filtered  off 
and  washed  free  from  FesCl«,  &c.,  with  a  one  per  cent,  solution 
of  HNOsi  after  which  it  is  dried  at  100^  C,  and  weighed. 

The  weight  obtained  multiplied  by  '0163  x  20  =  ^/^  of 
phosphorus.  The  writer  finds  that  this  method,  if  care- 
fully performed,  gives  very  reliable  results.  It  must  be 
remembered  that  if  there  be  any  arsenic  present  it  will  be 
coprecipitated  with  the  phosphorus  precipitate.  If  it  be 
desired  to  separate  arsenic,  this  is  best  done  by  previous  pre- 
cipitation with  sulphuretted  hydrogen. 

EBtimation  of  Copper. — ^Weigh  x  grm.  of  the  sample 
into  a  100  cc.  beaker,  add  la  cc.  of  6  £  HaSO^  heat  until 
all  iron  has  gone  into  solution,  dilute  to  50  cq*  and  boil  ]  now 
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add  gradually  a  solution  of  3  £  thiosulphate  of  soda  (Na,S»Os), 
as  long  as  a  black  precipitate  continues  to  form,  and  on  allowing 
to  settle,  the  supernatant  liquid  contains  suspended  sulphur  only; 
(from  I  to  2  cc  of  thiosulphate  of  soda  are  usually  required)  the 
copper  is  thus  precipitated  as  subsulphide  (CuiS).  Filter  off 
through  a  small  filter  and  wash  until  free  from  iron  with  dis- 
tilled water,  dry  in  a  water  oven,  carefully  ignite  filter  and  pre- 
cipitate in  a  good  porcelain  crucible,  digest  with  2  cc.  of  10  £ 
HCl  4-  I  cc  of  x6  £  HNOs  until  dissolved,  evaporate  nearly  to 
dryness,  add  i  cc.  of  water,  make  slightly  alkaline  with  5  £ 
AmHO,  filter  off  any  iron,  &c.,  and  receive  the  fJtrate  in  a  car- 
bon tube  (Fig.  5),  washing  the  filter  a  little  with  2  £  AmHO 
in  small  quantities  until  the  blue  tint  thus  produced  is  the  same 
as  that  of  a  standard  copper  solution  contained  in  a  similar 
tube,  and  which  is  prepared  by  dissolving  0*1  grm.  of  pure 
electrotype  copper  in  i  cc.  of  6  £  HNOs  ^nd  2  cc.  of  10  £ 
HCl,  and  diluting  to  500  cc.  with  2  £  AmHO  at  15*5^  C,  i 
cc  dius  containing  '0002  gnn.  of  copper.  Supposing  that  the 
volume  of  the  sample  was  5  cc  when  the  tints  were  coincident, 
5  X  '0002  X  100  =  0*10  per  cent  of  copper  present. 

■stimation  of  Iron. — Usually  in  iron  and  steel  analyses  the 
amount  of  iron  is  taken  bydifference  after  estimating  all  the  other 
elements  present.  It  son^etimes  happens,  however,  that  a  direct 
determination  of  iron  is  required,  when  the  following  is  the  best 
method  to  adopt  Weigh  out  '56  grm.  of  the  sample  into  a 
small  assay  flask  of  about  80  cc.  capacity,  add  10  cc.  of  10 
£  HCl,  and  heat  until  dissolved ;  then  add  in  small  portions 
at  a  time  about  i  grm.  of  potassic  chlorate,  to  oxidize  organic 
matter,  &c.,  and  evaporate  down  to  about  4  cc.  Transfer  to 
a  bulb  flask  of  about  500  cc  capacity,  supplied  with  a  rubber 
cork  into  which  a  tube  with  a  Bunsen  valve  is  fitted.  Dilute 
to  300  cc,  then  add  jo  cc.  of  2  £  Na,S03,  and  its  equivalent 
of  HCl,  viz.  2  cc.  of  5  £.  Attach  cork  and  tube,  and  boil 
until  free  from  SO3,  which  usually  takes  about  a  quarter  of 
an  hour  or-  twenty  minutes  after  it  starts  boiling.  Close  the 
valve  quickly  and  put  the  flask. into  cold  water  to  cooL    The 

B 
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iron  is  thus  reduced  to  the  form  of  ferrous  chloride,  as  the 
following  reaction  shows : — 

FcjCIe.  +  OH2  +  NaiSO, '=  2  FcCI»  +  MajSOi  +  ^^  HCl. 

« 

The  next  step  in  the  process  is  to  ascertain  how  much  of  an 
oxidizing  agent  is  necessary  to  convert  ihe  FeCIa  into  FejCI«.  In 
this  case  bichromate  of  potash  (KaCraO?)  is  the  most  suitable 
to  use. 

When  the  solution  is  cold,  pour  it  into  a  beaker  of  about 
500  cc.  capacity,  and  test,  to  ascertain  if  perfectly  reduced,  by 
bringing  a  drop  of  the  solution  on  the  end  of  a  glass  rod  in 
contact  with  a  drop  of  E  potassic  sulphocyanide  solution  on  a 
porcelain  plate,  when  if  a  mere  trace  of  FeaCI«  is  present  a  red 
coloration  will  be  produced.  If  no  coloration  is  produced 
add  10  cc.  of  10  E  HCl.     Fill  a  100  cc.  burette  graduated  in 

E 
o*i  cc.  with  standard  -  potassic  bichromate  (KaCrsOr),  pre- 
pared by  dissolving  4917  grms.  of  the  pure,  dry,  recrystallized 
salt  in  about  500  cc.  of  pare  distilled' water,  and  diluting  to 
1000  cc.  at  15*5°  C.  (This  solution  should  be  standardized  by 
the  method  here  described,  taking  '56  grm.  of  pure  pianoforte 

E  . 

wire,  when  99*7  cc.  of  the  —  solution  should  be  required,  the 

03  cc.  being  allowed  for  unavoidable  impurities  in  the  iron). 

E 
Run   the       K2Cr207  into  the  iron   solution    at    the   rate  of 

lO  * 

about  iV  cc.  per  second,  with  continual  stirring,  bringing  a  drop 
of  the  solution  out  from  time  to  time  on  the  end  of  a  glass 
rod  and  mixing  with  a  drop  of  dilute  solution  (-5  grm.  in  500 
cc.)  of  potassic  ferricyanide,  when  a  more  or  less  blue  colora- 
tion is  produced  as  long  as  there  is  any  ferrous  chloride  present. 
When  no  further  blue  or  green  colour  is  produced  with  the 
ferricyanide  on  allowing  to  stand  for  four  minutes,  the  reaction 
may  be  considered  completed.  Note  the  number  of  cc.'s 
required. 
The  following  is  the  action  of  the  bichromate  :— 

6  FeCla  +  14  HCl  +  K^CisOt  =  3  FcaCle  +  CrsGU  +  2  KCl  +  7  OHj. 
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Supposing  that  98*7  cc.  were  required,  then,  since  *, 

E 
of  the  sample  was  taken  and  i  cc.  of  —  KaCraOr  =  '00 

Fe,  the  amount  of  iron  present  is  98*7  per  cent. 

In  addition  to  the  determination  of  the  element  j 
scribed  in  iron  and  steel,  there  are,  of  course,  specia 
in  which  tungsten,  chromium,  aluminium,  or  titanium 
present.  If  the  character  of  the  iron  or  steel  is  unkr 
would  be  safer  to  make  first  a  qualitative  analysis  of  the 
and  the  result  thus  obtained  would  decide  what  elemem 
be  determined.  The  following  are  methods  for  the  est 
of  the  above-named  four  elements : — 

Estimation  of  Aluminium. — The  following  is  t 
cess  adopted  by  Mr.  Stead  for  estimating  small  quan 
aluminium  in  iron  and  steel : — Weigh  out  11  grms.  of  the 
in  a  600  cc.  beaker,  add  44  cc.  of  10  E  HCl,  heat  ui 
solved,  and  evaporate  to  dryness.  Redissolve  residue  i 
of  £  HCl,  filter  off  into  a  500  cc.  beaker,  and  wash  the 
till  free  from  iron.  Dilute  the  filtrate  to  150  cc,  add 
£  sodic  phosphate  solution,  and  gradually  add  5  E 
until  the  free  acid  is  neutralized  and  a  permanent  pre 
is  produced.  Now  add  10  E  HCl  drop  by  drop  until  ti 
tion  has  cleared  up,  heat  to  boiling  and  add  50  cc.  of 
rated  solution  of  sodic  tbiosulphate,  and  continue  bo 
one  hour;  filter  and  wash.  Dissolve  the  precipitate 
filter  with  40  cc.  of  hot  5  E  HCl,  collecting  the  filtr 
platinum  dish,  wash  the  filter  and  evaporate  to  drync 
2  grms.  of  sodic  hydrate  and  i  cc.  of  water ;  allow  to  d 
evaporate  to  dryness,  and  fuse  for  about  ten  minutes 
Bunsen.  Cool  and  digest  with  50  cc  of  water,  anc 
to  exactly  no  cc. ;  filter  off  the  insoluble  oxides  ar 
sure  off  100  cc  of  the  filtrate  (=  10  grms.  original  s 
neutralize  with  10  £  HCl,  add  3  cc  of  £  sodic  phosph 
30  cc.  of  the  saturated  thiosulphate  solution,  and  boi 
add  2  cc  of  5  £  ammonic  acetate,  and  boil  five  minuter 
and  filter ;  wash,  the  precipitate  with  hot  water,  dry 
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and  weigh  the  AIPO4*    AIPO4  x  '2236  x  10  =  percentage  of 
aluminiuiQ. 

Estimation  of  Chromium. — {Arnolds  Method^ — ^Weigh 
out  2  grms.  of  the  sample  into  a  100  cc  beaker,  add  20  cc. 
of  10  £  HCl,  and  heat  until  dissolved  ;  evaporate  over  the 
water  bath  to  complete  dryness ;  detach  as  much  as  possible  of 
the  crisp  residue  with  the  aid  of  a  glass  rod,  and  brush  on  to  a 
clean  watch  glass ;  any  chloride  still  clinging  to  the  beaker  is 
dissolved  off  with  a  fewcc.  of  5  £  HCl,  and  poured  into  a  deep 
platinum  crucible  and  evaporated  to  complete  dryness.  The 
main  portion  of  the  chlorides  on  the  watch  glass  is  now 
brushed  into  the  crucible  and  the  whole  finely  powdered  with 
a  glass  rod ;  5  grms.  of  fusion  mixture  (i  part  Na^COs  and 
I  part  KNO3)  are  now  introduced  and  thoroughly  mixed  .with 
the  chlorides.  The  mixture  is  now  fused  for  about  fifteen 
minutes  over  a  blow>lamp.  The  iron  is  thus  converted  into 
insoluble  oxide,  and  the  chromium,  silicon,  and  manganese 
into  alkaline  chromate,  silicate,  and  manganate  respectively. 
Allow  to  cool,  put  the  crucible  and  contents  into  a  beaker 
containing  about  80  cc.  of  boiling  water,  and  digest  until  all 
that  is  soluble  is  dissolved ;  take  out  the  crucible  with  the  aid 
of  a  glass  rod,  and  wash  the  liquid  adhering  to  it  into  the  beaker 
with  hot  water.  Now  add  i  cc.  of  alcohol  to  the  solution  to 
decompose  the  manganate,  and  stir  well  and  allow  the  oxides  of 
iron  and  manganese  to  thoroughly  settle.  Decant  the  clear 
liquid  through  a  double  filter  (without  disturbing  the  precipitate) 
into  a  beaker ;  add  30  cc  of  boiling  water  to  the  residue,  stir, 
allow  to  settle,  drain  off  the  clear  liquid  through  the  filter  as 
before,  wash  the  filter  twice  with  hot  water,  and  treat  the  residue 
with  a  second  30  cc.  of  hot  water  and  filter  as  before  \  this  may 
be  considered  sufficient  washing  for  the  oxides.  The  solution, 
which  now  contains  chromate  and  silicate,  is  acidified  with 
20  cc.  of  10  £  HCl  and  boiled  until  all  CO3  and  nitrous  fumes 
have  come  off.  Now  add  gradually  5  £  AmHO  until  slightly 
alkaline,  heat  nearly  to  boiling,  and  filter  off  the  resulting 
precipitate  through  an  ^hless  filter  an^  wash.  Dissolve  the  pre- 


ESTIMATION  OF  TI'IANIUM. 

cipitate  off  the  paper  with  lo  cc.  of  hot  5  £  HCI,  wash  tl 
into  the  solution  and  evaporate  to  complete  dryness  on 
bath  to  render  the  silica  insoluble ;  dissolve  residue  in  ic 
£  HCl,  filter  off  silica^  collecting  filtrate  into  a  porcelai 
neutralize  the  solution  with  20  £  AmHO,  adding  about 
excess  and  heat  to  incipient  boiling,  filter  off  the  ( 
hydrate  Crs(HOe)  through  an  ashless  filter,  wash  with 
water  till  free  from  soluble  matter,  dry  in  water  oven,  an 
carefully  in  weighed  crucible  for  ten  minutes  at  a  good  r 
Cool,  and  weigh  the  resulting  CrsOs. 

CrjOj  X  '6862  X  100 ^^ 4    1. 

— - — 12 =  per  cent,  chromium. 

EBtimation  of  Titanium.— (^/7/ryx  Ma/iod).—Wi 
10  grms.  of  the  sample  into  a  500  cc.  beaker,  pour 
60  cc.  of  16  £  HNO9,  and  heat  on  a  hot  plate  until  il 
on  the  iron  has  nearly  ceased ;  now  add  cautiously  : 
10  £  HCl,  boil  until  all  that  is  soluble  is  dissolved 
rate  to  dryness,  heat  the  residue  on  a  sand  bath  t 
130®  C.  for  an  hour,  cool,  add  50  cc.  of  10  E  HCl,  j 
until  all  that  is  soluble  is  dissolved.  The  solutior 
should  now  be  about  40  cc,  is  diluted  to  80  cc, 
graphite  and  silica,  with  some  titanic  acid,  are  filtered 

£ 

washed  with  hot  ~  HCl  till  free  from  iron.    The  filtr 

10 

served,  the  residue  is  dried  and  ignited  in  a  platinum 

then  fiised  with  about  16  times  its  weight  of  bisul 

potash,  and  then  cooled  and  digested  with  hot  water 

that  is  soluble  is  dissolved ;  it  is  now  filtered,  and  th 

added  to  the  reserved  filtrate  containing  the  iron,  &< 

the  mixed  filtrates  into  an  800  cc.  flask,  provided  wit) 

fitted  with  a  Bunsen  valve,  dilute  to  300  cc,  add  i 

2  £  NaaSO,  and  20  cc  of  10  £  HCl,  and  boil  until 

solution  is  reduced  and  all  sulphurous  odour  has  \ 

Cool,  add  I  cc  of  £  HNO^,  nearly  neutralize  with  s 

add  80  cc  of  5  £  ammonic  acetate,  boil  for  a  few 

and  filter  off  the  precipitate  quickly,  which  contains 

titanic  acid,  oxide  of  iron  and  phosphate  of  iroc 


54  METALS,  ALLOYS,  ETC 

E 
with  —  aceiic  acid,  dry,  ignite  in  platinum  crucible,  and  fuse 

with  i6  times  its  weight  of  bisulphate  of  potash;  digest  in  cold 
water,  and  filter  off  phosphate  of  iron,  &c.  Dilute  the  filtrate 
to  500  cc,  add  I  cc.  of  16  £  HNO^,  and  boil  for  about  six 
hours,  keeping  up  the  original  volume  with  additions  of  boil- 
ing water*  The  titanic  acid  is  now  allowed  to  settle  over  night, 
the  clear  liquid  decanted,  the  residue  filtered,  washed,  dried,  and 
ignited  in  a  platinum  crucible,  and  then  cooled  and  weighed. 
The  weight  of  TiOi  thus  produced  x  '6098  x  10  =  percentage 
of  titanium. 

Bstimation  of  Tungsten.— Weigh  out  5  grms,  of  the 
sample,  dissolve  in  i2q  cc.  of  6  E  HNO^,  evaporate  to  dry- 
ness on  sand  bath,  cool,  add  40  cc.  of  10  E  HCI,  and  boil  until 
all  that  is  soluble  is  dissolved ;  add  40  cc.  of  water  and  again 
boil,  filter  off  the  precipitate,  which  may  consist  of  oxide  of  tung- 
sten (WOg),  graphite,  Fe,Oa,  TiO„  &c.,  wash  with  hot  water, 
dry  and  ignite  in  a  platinum  crucible ;  add  10  cc.  of  hydro- 
fluoric acid  (HF)  and  2  cc.  of  36  E  H2SO4,  evaporate  in  a  hood, 
and  repeat  the  evaporation  with  HF  and  H2SO4  until  all  SiOa 
has  escaped  as  SiF^ ;  add  to  the  residue  four  times  its  weight  of 
NaaCOg,  fuse  over  a  Bunsen  for  ten  minutes,  cool,  and  treat 
the  fused  mass  with  water  until  all  that  is  soluble  is  dissolved. 

E 

Filter  off  insoluble  oxides,  &c.,  and  wash  with   —  NagCOj. 

The  solution  now  contains  all  the  tungsten  as  soluble  tungstate 
of  soda.  Dilute  to  100  cc,  neutralize  with  16  £  H  NO,,  boil  off 
CO],  and  add  two  drops  of  16  E  HNOg  in  excess ;  add  50  cc,  of 

-^    mercurous  nitrate,    neutralize   the  free  acid  by  adding 
5 

sufficient  recently  precipitated  oxide  of  mercury,  and  stir  well. 
Allow  to  settle,  filter  off  the  mercurous  tungstate  with  the 
slight  excess  of  oxide  of  mercury,  and  wash  with  hot  water  till 
free  from  soda  salts ;  dry  in  water  oven,  scrape  into  platinum 
crucible,  ignite  filter  separately,  and  add  ash.  Now  heat  the 
crucible  under  a  hood  gradually  to  a  bright  red  heat,  until  fumes 


leaves  tne  tungsten  in  the  lorm  ol  oxide  (WU,).     Li 

wci^h. 

WOa  X    TWi  X  100  .       , 

t-^^-i^ — — ^  perccDtaee  Inngiten. 


Analvticai.  Data  of  an  Actual  Analvsis,  bv  /> 
Methods,  of  Bad  Sample  of  Bessemer  Stei 

Estimation  of  Combined  Carbon, 

(Egi;erU  meihod.) 

o-l  grm,  of  sample  taken. 

The  total  volume  of  solution  of  sample,  when  the 
equal  to  the  standard  solution  {half  strength)  was  86  i < 

Now  each  cc,  of  the  dilute  standard  solution  contair  ' 
grm.  of  carbon,  therefore. 


«6  X  -ooooj  X  II 


EsTiuATioN  or  Silicon, 

{^SulfhuTic  acid  melAaJ.) 
lo  gimi.  taken. 
Porcelain  Crucible  mirked  C  ... 

Do.  -1-  SiO]  +  F.  Ash  .... 

„  „  „         ind  ignitjo  I 

F.A.       . 


0-304  per  cent,  of  lillcon. 


56 


METALS,  ALLOYS,  ETC. 


Estimation  of  Sulphuk. 
5  grms.  taken. 

To  celain  Crucible  marked  7      ' 7'3390 

1  o.  '\-  B1SO4  +  F.A.  +  BaSOifrom  reagents  used    .     7*3633 

2nd  ignition    7*3631 


M 


» 


>» 


»» 


BaSOi  +  F.A.  -I-  Re    . 
F.A.  -^  Re    •        •        • 


BaSOi 
BaSOi  into  S 


'0241 
•0019 

•0222 
•1373 

666 

155* 
666 

222 


•00304S06 


'003048  X  100 
5 


^  0'06i  per  cent,  of  sulphur. 


Estimation  of  Phosphorus. 
2  grms.  taken. 

Porcelain  Crucible  marked  s  •        •        . 

Do.  +  "  rpt "  d"*<J  at  too*  C 


»» 


>i 


» 


2nd  diying 


«*ppt"intoP    • 


37960 
3-8242 
^8242 

'0282 
•0163 

846 
1692 
282 


'00045966 
'O004S9O  X  '     j^  O'Oti  per  cent,  of  phosphorus. 
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Porcelain  Crucible  mat 
Do.  -f  MnsOi  -f  F.  A 

99  99  »9 


-009438  X  la 


Volume  of  blue  soli 

standard  =  375  cc. 

I  cc.  of  Staf 
therefore, 

375  X  -0002 

Analyses  o: 

Analysis  of  a  Sampli 
Iron    . 
Nickel 
Cobalt 
Copper 
Tin     . 
Maoganes 
Phosphor! 
Sulphur 
Chlorine 
Carbon 
Sitica 
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Analyses  of  Piq  Irons. 


North- 

Hematite. 

-West 

KirUess 

Silidou 

ampton. 
Hot  Blast. 

Bessemer 

Hallum. 

Hall. 

Piglroc 

Pig  No.  I. 

Na.jFoundiy. 

No.  3. 

Graphite    . 

.      I-150 

3050 

2-650 

3"  200 

1-80 

C.  Carbon  . 

.       -554 

-710 

— 

0-20 

Silicon 

.     I  900 

2  012 

1-350 

12:5 

917 

Salphur 

.    0414 

0010 

0055 

008  ( 

o-oi 

Phosphorus 

.     1-807 

0-052 

0650 

1-750 

006 

Manganese 

.    0-395 

0-040 

0415 

2*215 

2-86 

Iron(bydifre] 

ence)93-78o 
100-000 

94*126 
lOO'OOO 

94880 

91-479 
loo-oco 

85-90 

100-000 

100*00 

Analyses  of  Various  Cast  Irons. 


Gurlt. 

Bodemann. 

Abel. 

Grey 

Coal. 

Mottled 

Hot 

Hla^t. 

White 
Gart- 

sherrie. 

7-41 

^  Grey 
Hot 
Blast. 

Mottled 
Cold 
Blast. 

"Grey. 
French 
Charcoal. 

White 
Silesian. 

Density 

7*21 

7-21 

1793 
I-IIO 

2*165 

1-480 

I-I7I 

89-314 
1-596 

98629 

1 
7-166       7-43 

7OCO 

7-53« 

4-94 

0-75 

trace 

0-12 

88-57 

5-38 
0*24 

Carbon  com- 
bined 
Graphite     . 
Silicon 
Sulphur 
Phosphorus 
Iron    . 
Manganese . 
Copper 

I -02 1 
2-641 
3061 

1*139 
'  0*928 
90-236 

•834 
99-860 

2-457 
0-871 

I-12d 

2-510 

0-913 

89-863 

2-715 

100-459 

144 
2*71 
3-21 
trice 
1-22 
91-42 
trace 

278 

1-99 

,    0-71 

trace 

.     123 

93-29 

trace 

3-40 

o-8o 

005 

0*45 

95-18 

99-88 

100-00 

lOO'OO 

100-00 

Analysis  of  a  Bad  Sample  of  Bessemer  Steel  Rail  broken 

BY  Weight  of  Locomotive. 

Combined  Carbon                        .  0*275 

Silicon    ^ 0-235 

Sulphur 0-037 

Phosphorus         ....  0-065 

Manganese 0*750 

Iron  (by  difference)      .  98-638 


100*000 
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The  high  percentage  of  silicon  in  this  rail  was  no  doubt  the 
cause  of  breaking. 


^ALYSis  OF  A  Bessbmsk  Steel  Rail  t 

at  was   BROKKH  DORINO 

Transfeience  frosi  Rajl-bjmi 

K  TO  Waguok. 

Combined  Carbon 

•      0-J30 

Silicon        .... 

Sulphur      .... 

.      c-oSo 

Phosphorui 

.      Ck-i30 

.     ocso 

Iron  (bjr  difference)     . 

.    99'90 

The  high  percentage  of  phosphorus,  making  the  steel  "  cold 
short,"  was  no  doubt  the  cause  of  breakage.    Ofien  chemical 

analysis  docs  not  show  any  reason  why  a  rail  should  break. 
In  these  cases  it  is  either  due  to  a  flaw,  or  to  a  want  of  physical 
uniformity  resulting  often  Irom  careless  manufacture. 

The  author  considers  that  an  ideal  rail  and  tyre  should  have 
the  following  compositions,  provided  that  a  thorough  homoge- 
neous metal  is  insured;— 


Combined  Caibon 

o-jso  to  0-400 

0-403  10  0-; 

SJicon 

0-05(1  „  0-070 

Sulphur 

0-040  „  0060 

0040  ,,  o-ol 

PhMphorui  . 

0040  „  0060 

0-040  „  0-01 

Manganese    . 

0-750  „   lOXt 

0-400  ,,06. 

SAIVSIS  OF  A   KRLPP  TlSB    THAT   HAS   t 

ONE  Good  Serv 

CombiDcd  Carbnn       . 

0-500 

Silicon       . 

0-I7S 

Sulphur      . 

OOJ5 

0060 

Manganeie 

0-475 

98655 

It  will  be  observed  that  this  tyre  contains  a  high  percentage 
of  silicon,  and  although  it  wore  well  it  would  be  unsafe  10 
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generally  recommend  such  steel  for  the  purpose,  especially  if 
manufactured  by  the  Bessemer  process.  With  0*5  per  cent,  of 
carbon  in  a  tyre  the  amount  of  silicon  should  not  exceed  o'  i 
per  cent. 

The  following  results  show  that  the  elements  are  not  evenly 
distributed  in  an  ingot  (Snelus)  : — 

Xop  of  Ingot.  Bottom  of  Ingot. 
Combined  Caibon     ......    0760  o  350 

Silicon trace  trace 

Sulphur 0187  0044 

Phosphorus 0*191  0*044 

Manganese        ....••    0*558  0*514 


Six  samples  were  taken  out  of  the  top  of  an  ingot  and  six  out 
of  the  bottom  from  positions  sketched  in  section  (Fig.  10),  when 
the  following  results  were  obtained  : — 


From  Section  at  Top. 

Carbon.      Sulphur.    Phosphorus. 


I 

•44 

•032 

•044 

2 

•54 

•048 

•066 

3 

•57 

-080 

•086 

4 

•61 

•096. 

•097 

5 

•68 

•120 

•III 

6 

•77 

•187 

•142 

From  Section  at  Bottom. 

Carbon.  Sulphur.  Phosphorus. 

•44  '048  *o6o 

•42  '056  '062 

•41  '048  -054 

•40  '048  '05/f 

•38  -048  -058 

•37  '044  '052 


Fig.  xo. 


Analysis  op  Steel  used  for  Dies  in  Royal  Mint. 


Carbon  (combined) 
Manganese 
Silicon 
Sulphur     . 
Phosphorus 


(I) 

(a) 

(3) 

(4) 

082 

1*07 

079 

i'i9 

o-io 

0*12 

0-24 

045 

0-05 

o-o6 

o-i8 

029 

trace 

trace 

O'OI 

trace 

.^ 

•« 

CO  I 

tt 
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Analysis  of  Smtsdish  Gun-baekel  Stei^ 

Carbon       •        .        .        •       •  0*450 

Silicon        •        .       .       .       •  0*450 

Manganese 0*400 

Sulphur 0*040 

Phosphorus         .        ,        •        .  0*085 

Iron  (bydifiercocj      .        .        .  98*575 

lOOOCO 


Analysis  of  Two  Samples  of  Krupp-gun  Steel  of  Approved 

Quality. 

(I)  (a) 

Combined  Carbon *42  '69 

Graphite '04  *02 

Silicon •        •        .    *ii  *o6 

Manganese        ...••..     *I3  '15 

Phosphoins nil  tiacs 

Sulphur            •        .     —  — 

Copper             •..•••.    *30  *26 


Specification  of  Quality  of  Steel  Supplied  to  the  Cockerhill 
Works,  Seraing,  for  the  Purpose  of  Shipbuilding. 

Carbon -08  to  *  15 

Silicon ttace  „  *02 

Sulphur '05  „   '05 

Phosphorus '03  ,»  '05 

Manganese   .       •       •        •        •        •        .        •  *30  „  *6o 


Table  showing  the  Wear  and  Composition  of  Steel  Rails. 


Phoa- 

Man- 

Wear. 

Time  in  use. 

Carbon. 

Silicon. 

Sulphur. 

phorufl. 

ganese. 

•3A' 

4  years 

•50 

.185 

•036 

•053 

1-138 

3iV 

•41 

•035 

•084 

*07i 

*98o 

r 

27 

*oi6 

*o84 

•047 

•331 

SA" 

'i7 

•055 

•093 

•060 

•540 

7tV 

12    „ 

•54 

•026 

•027 

•o(x> 

1166 

9iV' 

10    „ 

-40 

*046 

•037 

•029 

•958 

5iV 

8    „ 

•45 

•053 

•127 

•063 

•677 

•  Broke. 
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ApplicMition  of  the  Miorosoope  to  the .  Stady  of 
the  Structure  of  Iron  and  SteeL— The  microscopical 
examination  of  sajtiples  of  iron  and  steel,  as  a  means  of 
ascertaining  the  nature  of  structure,  &c.,  as  bearing- upon  the 
physical  properties  of  the  metal,  has  of  late  received  considerable 
attention  from  chemists  and  engineers,  and  in  the  result  will, 
no  doubt,  eventually  have  a  far-reaching  influence  in  ihe 
economic  conduct  of  metallurgical  operations. 

I  am  indebted  to  Mr.  J.  E.  Stead,  F.I.C.,  F.C.S.,  of  Middles- 
brough, for  a  description  of  his  admirable  system  of  practical 
metallography,  and  the  beautiful  photographic  illustrations  I 
am  able  to  reproduce  here.* 

The  operations  involved  consist  in  (i)  Preliminary  pre- 
parations of  specimens ;  (2)  Methods  of  polishing ;  (3)  Etching 
the  specimens ;  (4)  Mounting  the  specimens ;  (5)  Photo- 
graphing the  developed  structures. 

Preliminary  Preparation  of  Specimens, 
When  time  is  no  object  and  labour  of  little  account,  it  is 
advisable  to  obtain  all  the  metal  sections  in  the  form  of  little 
plates  about  I  to  \  in.  in  diameter,  and  iVth  of  an  inch  thick. 
This  can  easily  be  managed  if  the  metals  are  soft  enough  to  be 
sawn,  filed,  or  turned  into  shape,  but  it  is  very  difiicult,  unless 
a  diamond  cutter  is  available,  to  obtain  harder  metals  of  such 
dimensions.  It  is,  however,  only  necessary  to  have  one  plane 
surface,  and  the  irregularity  of  the  other  portion  is  immaterial. 
In  preparing  pieces  of  white  pig  iron  and  other  hard  brittle 
metals  or  alloys,  it  is  only  necessary  to  take  a  chip  or  fragment 
not  more  than  ^  in.  thick,  with  one  smooth  surface.  This  face 
is  ground  on  an  emery  wheel  till  it  is  flat,  then  finished  as  will 
be  described. 

It  saves  much  time,  and  an  emery  wheel  can  be  dispensed 
with,  if  t^e  surface  to  be  polished  does  not  exceed  ^  in.  in 
diameter ;  emery  paper  will  be  capable  of  grinding  to  flatness 
such  a  small  area. 

*  For  tlxe  loan  of  the  blocks  of  the  illustiations  of  photographs  Xos.  I.  to 
VII.  I  have  to  thank  the  Council  of  the  Cleveland  Institution  of  Engineers. 
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When  sections  of  wires  are  to  be  examined,  take  a  small 
piece  of  bard  steel  i  in.  round  by  iV  in.  in  thickness,  and  drill 
a  hole  through  the  centre  just  large  enough  for  the  wire  to  fit 
it  (Fig.  ii). 

The  wire  is  soldered  at  the  back  to  its  support,  care  being 
taken  to  keep  the  face,  with  the  wire  protruding,  cool,  by 
placing  it  on  a  metal  block  when  soldering.    The  wire  can  be 


Fio.  iz. 

cut  oflf  close  to  the  back  of  the  support.  The  face  of  the 
piece  is  then  ground  and  polished.  The  end  of  the  wire 
remains  quite  flat  after  polishing. 

In  suppprting  sections  of  thin  plates,  pieces  of  steel  about 
i  in.  square  and  i  in.  deep  are  cut  two-thirds  through  with  a 
hack  saw  (Fig.  12). 

The  thin  plate  is  inserted  into  the  cut,  and  the  sides  of  the 
supporting  steel  are  pressed  against  the  specimen  by  pressure 


Fig.  12. 


in  a  vice  or  by  a  sharp  blow  from  a  hammer.  If  necessary, 
three  or  four  pieces  can  be  mounted  in  the  same  block.  When 
thus  secured,  the  specimens  are  ready  for  polishing.  In 
examining  the  worn  surfaces  of  raili»  or  tyres,  which  are  often 
covered  with  microscopic  cracks,  it  is  clear  that  such  surfaces 
must  not  be  ground  down  to  obtain  a  perfect  polish,  for  by 
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doing  so  the  area  in  which  the  cracks  are  situated  would  be 
removed.  It  is  therefore  advisable  to  polish  with  the  finest 
emery  paper,  No.  oooo,  and  to  finish  on  rouged  leather.  This 
treatment  will  leave  a  very  rough  surface,  pitted  with  rust  marks, 
but  quite  clean  enough  for  the  purpose.  Probably  the  cracks 
will  be  visible  under  a  strong  lens  without  any  previous  treat- 
ment with  acid,  and  if  not  by  a  lens,  by  a  low  power  objective 
under  the  microscope.  If  nothing  can  be  detected  after 
polishing  alone,  the  specimen  must  then  be  allowed  to  remain 
for  thirty  seconds  in  a  i  per  cent,  solution  of  strong  nitric  acid 
in  water,  after  which  it  is  washed  in  distilled  water,  then  soaked 
in  lime  water,  and  again  washed  with  water,  and  finally 
polished  on  rouged  chamois  leather.  It  is  then  examined, 
and  the  cracks  will  then  probably  be  seen :  if  not,  immerse 
again  in  acid  and  proceed  as  before.  If  no  cracks  appear, 
soak  in  a  5  per  cent,  solution  of  nitric  acid  (S.cc  HNO3, 
sp.  gr.  I '4 2,  and  95  cc  of  water)  for  one  minute,  wash  ard 
treat  as  before.  If  now  no  cracks  are  visible  they  may  be 
considered  to  be  absent. 

In  the  preparation  of  a  vertical  section,  after  having  cut  out 
a  horizontal  slice  about  i  inch  in  thickness,  and  i  inch  in  width, 
and  j^  inch  in  length;  cut  it  vertically  into  two  halves,  so 
as  to  make  two  pieces  each  f  in.  long,  ^V  in*  wide,  and  i  in. 
thick.  Rub  the  two  head  surfaces  on  the  finest  emery  paper 
to  remove  excrescences  produced  by  the  saw ;  then  place  them 
against  each  other  and  screw  them  in  that  position  in  a  vice, 
taking  care  to  have  the  two  pieces  exactly  parallel.  Now 
smoothly  file  the  upper  surface  projecting  from  the  vice,  and 
dust  with  resin  powder,  and  with  the  soldering-iron  drop  a 
piece  of  very  fusible  solder  on  to  the  filed  surface,  and  apply 
the  soldering-iron  until  it  unites  with  the  steel.  This  should 
be  done  so  rapidly  as  not  to  cause  the  steel  to  be  materially 
heated.  Now  turn  the  soldered  side  down  and  secure  in  vice, 
file  smooth,  remove  from  the  vice,  and  grind  on  emery,  and 
finish  on  cloth  and  rouged  parchment  or  leather.  You  will 
now  have  a  specimen  quite  flat  across  the  centre  part  where 
the  two  head  surfaces  rest  one  against  the  other,  and  you  will 
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have  ttro  vertical  sectioni,  the  fine  line  in  the  centre,  of  course, 
being  the  division  between  them. 

The  object  of  placing  the  two  surfaces  together  in  this  way 
is  to  avoid  the  sli^jht  rounding  or  curving  at  the  parts  where 
it  is  most  important  they  should  be  perfectly  flat.  If  the 
precaution  is  not  taken  when  polishing  on  soft  beds,  the  edges 
get  worn  down,  and  are  then  unsuitable  for  examination, 
especially  under  high  powers. 

M^chamcal  Devue  for  Polishing. 
Figs.  13  and  14  show  the  machine  designed  by  Mr.  Stead 


for  polishing  specimens  which  may  be  procured  from  Messrs. 
Carltng  and  Son,  Middlesbrough.     It  consists  of— 
(i)  A  horizontal   revolving  wheel  driven  by  hand  at  the 

right  of  the  machine. 
(2)  Conical   blocks  with  rings  for  securing  in  position  the 
emery  papers,  &c.    There  are  several  of  these  blocks 
for  carrying  the  different  polishers.    They  are  simply 
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dropped  into  the  recessed  wheel  and  are  carried  round 
by  friction. 

(3)  A  copper  can  for  holding  either  water  or  a  solution  of 

ammonia  nitrate,  and  a  tap  for  allowing  the  solution  to 
drop  on  to  the  centre  of  the  polishing  blocks. 

(4)  A  shield  for  catching  the  fluid  which  is  thrown  ofl  the 

wheel  when  it  is  at  work. 

(5)  Cases  for  the  blocks,  to  prevent  dust  falling  upon  them 

when  not  in  use. 

In  describing  the  modus  operandi  of  Mr.  Stead's  system,  I 
cannot  do  better  than  reproduce  the  record  of  the  practical 
demonstration  given  by  him.*  Taking  for  his  trial  a  |  bar  of 
steel,  containing  about  040  per  cent,  carbon,  he  proceeded  as 
follows : — 

"  I. — The  bar  I  place  in  a  vice  and  file  one  end  quite  flat 
with  a  smooth  file. 

"  2. — It  is  now  fixed  into  a  second  vice  attached  to  a  hack 
saw  and  a  section  is  cut  an  eighth  of  an  inch  in  thickness. 

"  {3. — A  No.  o  emery  paper  block  is  placed  on  the  machine, 
and  with  the  first  finger  of  the  left  hand  the  specimen  is  pressed 
on  the  block  whilst  the  wheel  is  being  revolved  with  the  right 
hand.  The  specimen  is  kept  in  one  position  till  all  the  file 
marks  have  disappeared,  and  the  emery  scratches  are  all  in  one 
direction.  The  specimen  is  now  turned  90°,  and  the  pressure 
having  been  reduced  the  wheel  is  again  made  to  revolve  till 
again  the  scratches  are  in  one  direction,  but  at  right  angles 
to  those  first  made. 

"4. — A  second  block  carrying  finer  emery  paper,  No.  00,  is 
now  placed  on  the  wheel,  and  the  same  treatment  given  to  the 
section  as  just  described  under  No.  3. 

"  5. — A  still  finer  block  is  now  used,  No.  000,  and  the  same 
treatment  repeated. 

*  Before  the  Cleveland  Institution  of  Engineers  on  February  26th,  1900, 
in  the  HaU  of  the  Cleveland  Literary  and  Philosophical  Society  at  Middles- 
brough. 

t  The  emery  papers  are  those  used  by  steel  engravers  for  polishing  their 
steel  plates.  They  are  made  in  France.  They  can  b?  obtained  through 
any  good  ironmonger. 
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"  6. — ^The  next  block  is  covered  with  smooth  black  cloth,  and 
upon  its  surface  is  rubbed  about  one  grain  oi  diamontine 
powder  (used  by  jewellers  for  polishing  steel).  Water  is 
allowed  to  drop  on  the  block  from  the  copper  bottle,  and 
the  wheel  made  to  revolve.  The  specimen  is  pressed  on  the 
block  and  made  to  traverse  across  it  so  as  to  produce  even 
polishing. 

*^  It  is  examined  from  time  to  time  in  a  good  light  till  all  the 
fine  emery  scratches  are  removed.  The  polish  at  this  stage  is 
sufficiently  good  for  most  practical  purposes,  but  if  a  photo- 
graph is  required  it  must  be  passed  over  a  finer  block. 

^'7. — The  final  block,  suitable  for  this  steel  section,  consists 
of  chamois  leather  and  fine  gold  rouge.  The  rouge  is  well 
rubbed  in,  and  then  the  wheel  is  caused  to  revolve  rapidly, 
whilst  the  surface  is  pressed  with  the  flat  edge  of  a  thin  strip  of 
steel.  This  loosens  the  coarser  particles  of  rouge,  and  they 
are  thrown  off  the  block,  and  none  but  the  finest  parts  remain. 
The  specimen  is  now  placed  on  this  block,  and  very  gentle 
pressure  applied  and  the  wheel  revolved  till,  on  examination, 
the  surface  appears  to  have  slightly  lost  its  brilliancy.  If  the 
polishing  is  carried  too  far,  the  fine  surface  is  destroyed,  and  it 
becomes  very  uneven  and  dull. 

**  The  polishing  has  been  stopped  at  the  right  moment,  and  it 
is  ready  for  etching. 

"  8. — For  finer  structures  the  dry  block  with  rouge  is  not  good 
enough,  and  No.  7  is  replaced  either  by  parchment  or  by  fine 
kid  leather,  the  latter  being  recommended  by  Professor 
Arnold. 

"  In  either  case  the  block  is  first  soaked  in  water,  and  then 
the  rouge  is  well  rubbed  into  the  surface;  the  rubbing  is 
continued  under  a  stream  of  rurmiog  water,  which  effectually 
removes  all  but  the  finest  particles  of  the  rouge  (this  is 
Osmond's  excellent  plan).  The  block  prepared  in  this  way 
is  placed  on  the  wheel,  and  the  section  of  metal  pressed  upon 
the  surface.  Water  in  just  sufiicient  quantity  is  allowed  to 
drop  on  the  block  so  as  to  keep  it  quite  wet,  but  not  sufficient 
to  cau^e  it  to  flow  off. 
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**  It  takes  longer  to  polish  on  wet  blocks  than  on  diy,  but  the 
results  are  much  superior. 

"g. — In  making  the  'polish  attack'  of  Osmond,  parchment 
is  used  on  the  block,  but  instead  of  rouge  and  water,  sulphate 
of  lime  (prepared  by  adding  a  boiling  solution  of  sulphate  of 
ammonia  to  a  hot  solution  of  calcium  chloride  and  thoroughly 
washing  the  precipitate)  and  liquorice  root  solution  are  used. 

**  Treated  in  this  way  many  specimens  of  steels  and  other 
metals  have  their  structures  developed  most  perfectly  without 
any  further  treatment 

**  Cementite,  Pearlyte,  Martensite,  and  Troostite,  and  what 
M.  Osmond  calls  Sorbite,  are  clearly  developed  by  this  method. 

"  MM.  Osmond  and  Carband  in  the  January  (1900)  issue  of 
the  American  quarterly  journal,  the  Metallogrqphist^  give  new 
re-agents  for  the  micrographic  study  of  Carburized  irons.  They 
say: — 

''A  dilute  solution  of  nitrate  of  ammonium  (two  parts  in 
weight  of  the  aystalHzed  salt  to  100  parts  of  water)  yields 
good  results.  A  piece  of  parchment  spread  tightly  over  a 
smooth  board  is  soaked  with  this  solution,  and  the  polished 
surface  of  the  specimen  is  rubbed  upon  it  till  sufficiently  etched. 
It  is  not  necessary,  to  add  any  sulphate  of  calcium.  When  the 
parchment  becomes  dry  a  little  water  is  poured  over  it. 

"  The  results  are  exactly  those  produced  by  the  extract  of 
liquorice. 

"The  various  constituents  are  identified  as  follows : — 

"i.  Pearlyte  by  the  unequal  depth  of  etching  of  its  two 
components,  and  Sorbite  by  its  colouration  varying  from  light 
yellow  to  dark  brown. 

"2.  Troostite  by  its  yellow,  brown,  or  blue  bands  mexging 
into  each  other. 

"3.  Martensite  by  its  characteristic  needles,  which  are  the 
better  defined  the  less  carbon  in  the  metal. 

"  4.  Ferrite  by  its  division  into  grains  and  the  heterogeneous 
appearance  of  these  grains. 

"  Austenite,  and  especially  Cementite,  remain  unacted  upon. 

**It  must  not  be  supposed,  however,  that  this  combined 


ANALYSIS  OF  VARIOUS  IRONS  AND  STEELS.     6lA 

etching  and  polishing  method  by  means  of  nitrate  oi  ammo- 
nium is  free  from  all  difficulty^  nor  must  it  be  expected  to 
succeed  at  the  first  trial.  The  re-agent  has  a  tendency  to 
form  a  film  of  bxide^  which  must  be  removed  by  rubbing  as 
soon  as  it  is  formed,  and  success  depends  upon  a  complex  set 
of  conditions  (concentration  of  the  solution,  pressure,  speed, 
quality  of  the  parchment,  etc.),  several  of  which  belong  to  the 
personal  equation,  and  could  not  be  stated  accurately.  Every 
one  must  serve  an  apprenticeship,  but  once  the  routine  of  the 
method  acquired,  Martensite  may  be  resolved  in  400  frictions, 
back  and  forth,  that  is,  in  less  than  three  minutes  of  effective 
work. 

''A  satis&ctory  means  of  distinguishing  Austenite  from 
Martensite  was  still  to  be  found.  It  can  be  accomplished  by 
immersing  the  metal  in  a  solution  of  chloride  of  ammonium, 
a  10  per  cent  solution  for  instance,  while  it  is  connected  with 
the  positive  pole  of  a  bichromate  cell,  the  negative  pole  con- 
sisting of  a  piece  of  platinum  foil,  or  of  lead,  or  iron  foil.  The 
specimen  is  examined  every  ten  seconds  until  the  etching  is 
sufficiently  deep.  A  very  dilute  solution  of  hydrochloric  add 
may  also  be  used,  with  or  without  the  assistance  of  an  electrical 
current,  but  the  use  of  a  battery  is  always  desirable  as  it 
increases  the  regularity  of  the  chemical  action.  In  both  cases 
Martensite  is  first  coloured,  successively  yellow,  brown,  and 
black." 

^'In  concluding  this  section,  you  have  observed  that  the 
polishing  and  etching  of  this  sample  has  not  taken  more 
than  fifteen  minutes,  and  I  can  assure  you  that  when  the 
operator  is  not  obliged  to  talk  as  well  as  work,  the  time  need 
not  exceed  ten  minutes.  As  a  matter  of  fact,  the  average  time 
taken  in  polishing  the  thousands  of  sections  I  have  prepared 
has  not  exceeded  ten  minutes.  A  novice,  at  first,  will  probably 
take  half-an-hour  or  more,  but  in  time,  when  experience  teaches 
how  to  graduate  the  pressure  in  polishing,  the  shorter  period 
will  suffice*  The  cutting  of  suitable  sections  from  a  large 
mass  of  steel  may  take  a  whole  day;  such  preliminary  work 
must  be  done  in  a  machine  shop. 
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**The  following  facts  should,  however,  be  noted : — 
"  (a)  The  softer  the  metals  the  lighter  must  be  the  pressure, 
and  they  must  never  be  polished  on  dry  blocks.  Lead  is  the 
most  difficult  of  all  metals  to  polish,  and  it  is  only  by  the 
slightest  friction  long  continued  that  any  good  polish  can  be 
obtained. 

"  (b)  Hardened  steels  and  white  irons  require  much  greater 
pressure,  and  are  easily  polished. 

Etching  the  Specimens  of  Iron  and  Steel. 

**i. — The  'polish  attack'  of  Osmond  has  already  been 
described.  It  takes  the  first  place,  and  gives  the  most  perfect 
results  in  very  many  metals  and  alloys. 

"  2. — ^The  second  method  of  etching  steel  is  by  a  tincture  of 
iodine  of  the  following  strength : — 

Iodine         .        .  •        •        1*25  grams. 

Iodide  of  Potassium    .        •        •        1*25     „ 
Water         .        .        •        .        .        I'25     „ 

'Alcohol  to  make  up  to  too  cc. 

'^This  is  the  re-agent  used  by  Osmond.  A  second  weaker 
tinchife'}  the  above  strength  is  very  useful. 

"The  polished  specimen  is  placed  on  a  plate,  and  one  drop 
per  square  centimetre  is  allowed  to  cover  it.  It  is  left  there 
until  the  iodine  colour  is  gone.  The  specimen  is  washed  in 
water,  then  in  alcohol,  and  finally  dried  in  a  blast  of  hot  air. 
It  is  mounted  and  examined.  The  iodine  treatment  is  re- 
peated  if  the  first  application  has  not  sufficiently  developed  the 
structure. 

^  Some  metallographers  advise  the  wiping  of  the  specifhen 
with  a  clean  linen  cloth  instead  of  drying,  but  this  occasionally 
removes  coloured  deposits  which  are  sometimes  a  most  im- 
portant indication.  After  drying  by  hot  air  and  examining 
under  the  microscope,  the  specimen  may  be  afterwards  wetted, 
and  then  dried  with  the  doth  and  re-exaitiincd. 

**  3.— Etching  with  dilute  Nitric  Acid  is  often  recommended, 
but  it  is  not  so  safe  for  steels  as  tincture  of  iodine,  but  in  the 
absence  ot  much  phosphorus  and  arsenic  it  gives  good  results. 
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"  The  specimen  is  immersed  in  a  vessel  containing  a  o'lo  per 
cent.  Nitric  Acid  (1*42  sp.  gr.)  in  water,  and  is  retained  there 
until  the  structure  is  developed  sufficiently  clear.  The  progress 
of  the  etching  should  be  watched  through  a  strong  magnifying 
glass.  After  removing  from  the  acid  it  should  be  well  washed 
by  running  water,  immersed  in  lime  water,  re- washed  in  water, 
then  in  alcohol,  and  finally  dried  with  hot  air.  Fletcher's  hot 
blast  blow-pipe  answers  well  for  this  purpose. 

"  4. — Osmond  recommends  a  20  per  cent,  solution  of  nitric 
acid  for  rapidly  developing  the  crystalline  or  granular  structure 
of  steels. 

"The  specimen  is  immersed  in  the  acid  from  one  to  ten 
seconds,  and  for  even  longer  periods,  then  removed,  washed 
as  before,  and  examined.  This  I  have  found  to  be  very  useful 
when  deep  etching  is  required. 

"  5. — Prof.  Behrens  and  Prof.  Martens  have  used,  with  great 
success,  the  simple  process  of  heating  the  steel  and  other 
specimens  till  they  take  oxidation  tints.  This  system  may  be 
described  as  a  *  ?uat  tinting '  one,  as  it  can  scarcely  be  called 
etching. 

"I  have  latterly  used  the  method  with  most  satisfactory 
results,  and  have  found  that  it  is  the  only  method  by  which 
phosphides  and  carbides  of  iron  can  be  distinguished  from  one 
another  when  associated  in  iron  and  steels. 

^'  In  preparing  the  specimen  for  heat  tinting,  the  bright  surface 
should  be  well  rubbed  with  a  clean  piece  of  linen  or  chamois 
leather.  Care  must  be  taken  to  avoid  any  condensation  of 
water  on  the  surface ;  this  is  best  avoided  by  warming  the 
specimen  to  90°  or  100°  C.  before  giving  it  a  final  vigorous 
rubbing  with  the  linen  or  chamois  leather,  and  before  it  cools, 
it  should  at  once  be  placed  on  the  iron  plate.  A  sheet  of  iron 
6  in.  square  placed  over  a  Bunsen  burner  is  all  that  is  required 
for  heat  tinting.  The  sectjon  is  placed  in  the  centre,  and  the 
polished  surface  watched  till  the  proper  tint  is  obtained.  Prac- 
tical experience  will  soon  enable  one  to  find  out  the  best  tint 
for  any  particular  metal  or  alloy.  It  is  best  to  heat  gradually 
and  examine  periodically  under  the  microscope,  and  stop  when . 
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the  sthicture  appears  to  be  most  perfectly  coloured.  A(^er 
each  heating  the  section  should  be  placed  in  a  dish  containing 
mercury,  so  as  to  cool  it  rapidly  and  check  further  oxidation. 
If  it  is  desired  to  photograph  the  heat-tinted  object,  it  is  most 
important  in  many  cases  to  stop  the  heating  when  the  object 
assumes  a  pale  yellow  tint,  for  although  the  contrasts  to  the 
eye  are  not  so  great,  they  are  quite  great  enough  for  the 
sensitive  photographic  plate. 

Mounting  the  Specimens. 

'^  When  the  specimens  are  quite  flat,  they  may  be  mounted 
with  Canada  balsam  or  wax,  upon  the  glass  slips.  As  it  is 
rarely  (unless  the  specimens  have  been  prepared  in  the  lathe) 
that  the  two  sides  are  parallel,  it  is  necessary  to  provide  some 
means  of  mounting  so  as  to  have  the  polished  surface  perfectly 
horizontal  with  the  glass  slide  on  which  it  is  mounted. 

**  After  trying  many  plans  I  find  that  the  simplest  method 
consists  in  placing  the  polished  face  of  the  section  on  a  piece 
of  plate  glass,  and  placing  over  it  a  short  brass  cylinder 
accurately  turned  of  such  depth  that  the  back  of  the  specimen 
does  not  stand  above  the  cylinder.  A  piece  of  plastic  wax, 
used  in  kindergarten  schools  for  making  models,  is  stuck  upon 
the  centre  of  a  glass  microscope  slide,  and  this  is  then  pressed 
upon  the  section  till  the  glass  slide  comes  in  contact  with  the 
brass  ring.  The  specimen  adheres  to  the  wax,  and  the  mounting 
is  complete.  It  may  be  made  more  secure  by  dressing  up  the 
wax  against  the  section  and  glass  plate  with  a  hot  wire. 

**  After  examination,  if  it  is  desired  to  preserve  the  section,  I 
prefer  to  cover  it  with  a  solution  of  paraffin  wax  dissolved  in 
benzole.  The  benzole  slowly  evaporates,  leaving  a  thin  pro- 
tective coating  of  wax.  It  will  prevent  the  formation  of  rust, 
and  when  it  is  required  for  re-examination,  the  wax  is  dissolved 
off  by  wiping  it  with  a  clean  linen  rag  moistened  with  benzole. 
It  is  finally  gently  rubbed  with  a  dry  linen  rag. 

''The  brass  cylinder  rings  can  be  made  by  any  fitter  by 
cutting  up  a  brass  tube  i*'  internal  diameter  in  a  lathe,  into 
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lengths  of  Vi,  "0-15,  ''020,  "0-25,  "0-35,  "0-40,  "0-45,  "050, 
''o'6o.      They  must    be    accurately  faced,  after    being   cut. 
Messrs.  Carling  &  Son  have  expressed  themselves  willing  to     >, ,   V^ 
make  these  rings  al  a  cost  of  five  shillings  per  set  of  ten  in 
a  suitable  case. 

''  In  the  course  of  etching  the  specimen,  it  is  inadvisable  to 
have  it  mounted  on  the  slide,  as  when  mounted  it  is  difficult 
to  remove  the  water  used  in  washing  from  the  irregular  under- 
surface  of  the  metal,  and  this,  if  left  there,  causes  rusting. 

''  To  temporarily  hold  the  specimens  in  position,  I  have  used 
with  success  a  glass  slide  on  which  is  cemented  a  short  length 
of  brass  tube.    This  is  nearly  filled  with  sea  or  silver  sand. 

''The  microscope  being  in  a  vertical  position,  the  special  slide, 
with  its  cylinder  containing  the  sand,  is  placed  on  the  stage. 
The  *  object '  is  placed  face  upward  on  the  sand,  and  a  piece 
of  glass  plate  pressed  upon  it  till  it  meets  the  walls  of  the 
brass  cylinder.  The  glass  is  then  removed,  leaving  the 
specimen  bedded  in  the  sand  with  its  polished  surface  parallel 
with  the  bed  of  the  stage.  After  preliminary  examination  the 
section  can  be  removed  with  a  pair  of  forceps  and  further 
treated,  or  finally  be  mounted  for  storage. 

"  When  a  cover-glass  is  admissible,  it  is  possible  to  cover  up 
the  polished  surface  in  the  usual  way  with  Canada  balsam,  and 
many  of  my  specimens  mounted  four  years  ago  in  that  way  are 
still  quite  bright 

Microscope  Accessories. 

"  It  is  only  necessary  to  describe  here  those  parts  ot  the 
microscope  outfit  which  have  been  specially  designed  for  illumi- 
nating opaque  objects,  and  for  changing  the  object  glasses. 

''  The  systems  for  illumination  may  be  divided  into  two  main 
classes : — 

"(j)  For  illuminating  by  light  thrown  on  the  object  by 
reflectors  fixed  below  the  object  glass,  only  admissible  with 
low  power  objectives  when  there  is  ample  distance  between 
the  object  glass  and  the  object 

''(^)  For  illuminating  objects  when  using  higher  power 
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objectives  than  about  i-in.  focal   length;  mirrors  or  prisms 
placed  above  the  object  glass  are  necessary. 

"  The  combination  sold  by  Messrs.  Beck  &  Co. — known  as 
the  Sorby  Beck  Reflectors  for  oblique  and  vertical  illumination 
— is  the  most  useful  reflector  yet  designed  for  low  power 
objectives.  The  following  illustrations  will  show  the  con- 
struction of  this  piece  of  apparatus. 
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Beck's  Sioi  Rbflector.  Sorby's  Reflector. 

Figs.  15,  16,  17. 

L— Rays  of  iaciJent  light.       S — Reflectors.        O— Oljjcct*. 

'•  When  working  with  the  parabolic  reflector  of  Beck,  the  little 
silver  mirror  of  Sorby  with  a  face  at  45°  to  the  horizontal  is 
thrown  outside  by  turning  the  milled  head  A.  The  horizontal 
rays  of  light  falling  on  the  silvered  parabola  are  reflected  at 
various  angles  upon  the  object  placed  below,  and  if  the  object 
is  a  perfectly  flat  surface,  the  whole  of  the  light  will  be  thrown 
off,  and  none  will  enter  the  object  glass;  hence,  such  a  flat 
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surface  cannot  be  seen  on  looking  through  the  microscope ;  it 
appears  quite  black. 

'*  The  parabolic  side  reflector  on  this  account  is  most  useful 
in  determining  which  part  of  a  structure  is  horizontal  and 
which  broken  up. 

'*  It  is  useful  also  in  determining  when  one  constituent  is  in 
relief,  for  as  the  light  falls  on  one  side  of  the  projecting  portion 
it  brightly  illuminates  it,  leaving  the  other  side  in  shade. 

"  The  vertical  illuminating  mirror  of  Sorby  when  swung  over 
the  object  partly  eclipses  the  object  glass,  but  the  horizontal 


I 


k 


L — Light  rays. 


Fig.  i8. 
G— Glass  reflector. 


O-Object. 


rays  of  light,  falling  on  the  mirror,  reflect  vertical  rays  upon  the 
object,  and  these  rays  are  again  reflected  into  the  microscope. 

**  It  is  not,  however,  necessary  to  use  this  special  apparatus 
when  only  vertical  illumination  is  required.  A  piece  cf 
blackened  cardboard  fixed  behind  the  object  in  a  vertical 
position,  and  a  cover  glass  placed  over  the  object  at  an  angle 
of  45°  gives  excellent  illumination.  The  card  and  cover  glass 
can  be  temporarily  attached  to  the  object  glass  slip  with  plastic 
wax.     It  only  takes  one  minute  to  arrange. 

^<  The  horizontal  incident  rays  from  the  lamp  are  reflected 
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downwards,  on  to  the  object,  and  thus  brightly  illuminates 
the  specimen.  The  light  from  the  object  passes  upwards 
through  the  reflector  and  into  the  object  glass  and  microscope. 

'*  {d)  Reflectors  for  High  Powers. 


L— Li^ht  rays. 


Figs.  19,  90. 
G— Glass  reflector. 


O-Object. 


''  The  Beck  illuminator  for  high  power  is  similar  to  the  last 
described,  but  it  is  placed  inside  of  a  special  adaptor  which  is 
screwed  into  the  microscope  tube  above  the  object  glass.  The 
light  is  admitted  at  the  side  of  the  adaptor  through  an  opening 
which  is  capable  of  adjustment  by  a  suitable  diaphragm. 

^'  The  light  falling  on  the  cover  glass  is  reflected  downwards 
through  the  object  glass  on  to  the  object.  The  rays  from  the 
object  pass  upwards  again  through  the  object  glass  and  the 
reflector  to  the  eye-piece. 

'*  Professor  Martens  and  others  use  a  right-angled  glass  prism 
above  the  object  glass,  adjustable  by  a  rack  and  screw  so  as  to 
move  it  in  or  out  in  a  horizontal  direction.  The  light  from  the 
prism  passes  downwards  in  a  vertical  direction,  illuminating  the 
object  most  perfectly.  Messrs.  Nachet  &  Sons  are  makers  of 
a  most  perfect  illuminating  device  of  this  kind  which,  in  my 
hands,  has  given  most  excellent  results  when  photographing 
up  to  500  diameters. 

'^  It  is  constantly  necessary  in  examining  metal  sections  to 
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inevf  the  structure  under  different  object  glasses,  commenciDg 
with  a  low  power,  such  as  an  inch  objective  fitted  with  s  Sorby 
Beck  reflector;  next  with  a  |-in.  or  i-in.  objective  with  the 
Nachet  prism  illuminator;  and  finally  with  a  i-in.  oriSi-in.  oil 
immersion  objective  with  the  Beck  illuminator. 

"  For  ordinary  microscopic  work,  when  it  is  not  necessary  to 
have  the  somewhat  cumbersome  illuminating  auxiliary  apparatus 
attached  to  the  object  glasses,  the  triple  nose-piece  is  all  that  is 
required  ;  but  as  the  illuminators  interfere  with  the  free  rotation 
of  the  nose-piece  it  is  not  suitable  for  metal lographic  work. 

"  Carl  Zeiss,  of  Jena,  has  designed  a  much  raqre  useful 


changing  apparatus,  which  is  called  by  him  an  Object  Glass 
Slide  Changer. 

"  A  grooved  slanting  shde-holder  is  screwed  into  the  micro- 
scopic tube,  and  each  object  glass  is  fitted  with  a  slide-piece, 
which  simply  slides  into  position  in  the  holder. 

"  The  object  glasses  are  adjusted  by  a  little  set  screw  to  make 
the  centre  of  each  register  in  the  same  vertical  line. 

"  Changing  from  one  object  glass  to  another  does  not  take 
more  than  two  or  three  seconds. 

"  The  following  block  will  explain  itself. 

"  It  is  absolutely  necessary  to  have  command  of  a  brilliant 
light,  more  particularly  when  the  metal  objects  have  to  be 
photographed. 
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"  If  electricity  is  available  either  an  arc  lamp  or  a  forced 
incaadescent  light  is  the  best ;  failing  electriciiy  an  incandescent 
Welsbach  gas  lamp,  or  an  acetylene  jet  will  answer  well.  I 
have  used  with  success  the  Welsbach  lamp  for  all  my  wotk. 

"  A  bull's  eye  condenser  should  be  placed  between  Ihe  light 
and  the  reflector,  so  as  to  concentrate  the  rays  as  much  as 
possible. 

"  In  many  cases  it  is  necessary  to  cut  off  the  full  force  of  the 
light  by  means  of  diaphragms  or  stops,  especially  when  using 


the  oil  immersion  high  power  objectives,  and  in  all  cases  when 
the  object  has  a  brilliant  reflecting  surface. 

"  This  is  easily  done  by  using  the  stops  or  regulators  supplied 
with  the  Beck  and  Nachet  reflectors. 

"The  light  may  be  more  diffused  by  placing  a  piece  of 
.ground  glass  or  thin  tissue  paper  in  front  of  the  lamp. 

"  It  is  only  by  experience  and  practice  one  can  find  how 
best  to  illuminate  an  object. 

Photographing  the  Object, 
"  Of  cameras  for  photographing  microscopic  objects  there  are 
very  many.     Nearly  all  the  manufacturers  of  microscopes  also 
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make  cameras  for  this  purpose.  There  are  two  systems  of 
using  these  cameras.  The  first  is  that  in  which  the  microscope 
is  turned  over  so  that  the  tube  is  horizontal,  and  the  eye-piece 
is  fitted  into  the  front  of  the  camera  which  is  also  placed  in  a 
horizontal  position.  The  second  is  that  in  which  the  micro- 
scope and  camera  are  placed  in  a  vertical  position. 

"In  the  first  case,  the  microscope  must  be  fitted  with  a 
mechanical  stage,  and  the  objects  must  be  securely  mounted 
on  the  glass  slides.  The  long  camera  monopolises  a  con- 
siderable table  area. 

'^*  In  the  second  arrangement  the  microscope  need  not  have  a 
mechanical  stage,  and  the  objects  need  not  be  securely  mounted, 
and  very  little  table  room  is  required.  The  microscope,  more- 
over, being  in  a  vertical  position,  it  is  much  more  convenient  to 
examine  the  specimens  before  the  camera  is  lowered  over  the 
eye-piece.  There  is  only  one  disadvantage  to  this  system,  and 
that  is  the  necessity  of  standing  on  a  chair  or  stool  to  focus 
the  object,  but  that  is  a  very  slight  drawback. 

"Altogether  the  advantages  in  favour  of  the  vertical  system 
are  overwhelming. 

"A  very  simple  arrangement  for  photographing  vertically  can 
be  made  with  the  assistance  of  a  joiner,  at  a  small  cost,  not 
exceeding  more  than  thirty  shillings.  Such  an  apparatus  is 
described  in  the  paper  referred  to  previously.* 

"  A  very  convenient  form  of  camera  and  stand  is  made  by 
Messrs.  Nachet  &  Sons,  Paris.  An  illustration  of  this  camera 
is  shown  in  Fig.  26,  the  working  of  which  will  be  understood 
with  very  little  explanation. 

"  It  will  be  noticed  that  the  camera  slides  up  and  down  on 
the  rigid  supports  on  each  side  of  the  vertical  microscope.  It 
can  also  be  swung  clear  of  the  microscope,  so  that  it  does  not 
come  in  contact  with  the  head  of  the  observer  when  using  the 
instrument  during  visual  examination. 

"  In  taking  the  photograph  after  having  obtained  the  particular 
field  of  the  object  in  position,  without  removing  the  eye-piece, 

*  Iron  and  Steel  journal,  No.  i,  1897. 
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the  camera  is  placed  in  position,  the  hood  lowered  over  the 
e]re-piece,  and  the  box  is  raised  to  the  point  corresponding  to 
the  magnification  required.  A  clear  glass  plate  is  substituted  for 
the  ground  glass  screen  at  the  top  of  the  camera.  The  focussing 
is  effected  by  applying  the  eye  to  a  No.  i  eye-piece  placed  on 


the  centre  of  the  glass,  and  by  means  of  the  micrometer  screw 
adjustment  is  made  till  the  object  is  seen  most  distinctly.  The 
glass  screen  is  removed,  and  a  slide  with  the  sensitive  dry  plate 
is  fixed  into  place,  the  slide  drawn,  and  the  exposure  made. 
The  time  of  exposure  depends  on  the  brightness  of  the  object, 
the  qu;uitity  of  light  admitted,  and  on  the  magnification.     la 
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my  own  practice,  using  the  Empress  isochromatic  plates 
(Ilford)i  when  dear  objects  are  used,  and  a  magnification  of 
100  diameters  photographed,  from  one  to  five  minutes'  ex- 
posure is  necessary  to  get  a  good  impression,  but  some  objects 
take  more  than  an  hour.  The  development  is  done  in  the 
usual  way,  and  it  is  not  necessary  to  describe  the  process. 
Personally,  I  prefer  the  ready-made  solution  called  "  Rodenal," 
diluted  with  ten  times  its  own  volume  of  water. 

"  In  every  camera  it  is  advisable  to  graduate  one  of  the  guides, 
and  mark  off  the  distance  from  the  microscope  stage  to  the 
back  of  the  camera  in  inches  or  centimetres,  and  to  prepare 
tables  with  each  object  glass  correlating  the  graduation  with 
the  diameters  magnified.  This  is  done  by  placing  a  micro- 
meter slide,  I  mm.  divided  into  100,  on  the  stage,  and  allowing 
transmitted  light  to  pass  through  it  and  the  microscope,  and  to 
fall  upon  a  ground  glass  screen,  ruled  with  lines  i  centimetre 
apart,  in  the  camera.  The  magnification  of  the  divisions  of 
the  micrometer  slide  can  be  seen  on  the  ground  glass,  and  the 
comparison  with  the  ruled  lines  thereon  compared. 

**  By  moving  the  camera  box  upwards  and  taking  repeated 
observations,  a  table  can  be  tabulated  for  each  particular 
object  glass  and  eye-piece  employed.  Allowance,  of  course, 
must  be  made  for  the  difference  in  height  of  the  various 
thicknesses  of  the  sections  on  the  stage." 

Straotore  of  Pig  Iron. — Commenting  upon  the  structure 
of  phosphoric  pig  iron,  in  a  communication  to  the  Author, 
Mr.  Stead  says : — 

**  What  is  generally  admitted  is  that  in  the  greyest  iron  the 
structure  appears  to  be  ferrite  cut  up  by  plates  of  graphite, 
thin  and  numerous  in  close  grained  iron,  and  thick  and  more 
massive  in  the  more  open  varieties.  Analysis  shows  that  in 
such  iron  there  is  practically  no  combined  carbon,  therefore 
practically  no  pearlite  and  no  cementite  is  present 

"  As  the  combined  carbon  increases,  at  first  pearlite  appears, 
and  afterwards,  when  the  quantity  is  considerable,  massive 
cementite  becomes  evident  in  which  the  carbon  exists  in  the 
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combined  state.  In  white  iron  the  structure  appears  to  be 
essentially  massive  cementite  (FesC)  and  pearlite  (alternative 
layers  of  carbide  of  iron  and  ferrite). 

'*  These  statements,  I  think,  will  be  admitted  by  all  metallo- 
graphers,  who  have  made  an  elementary  study  of  the  structure 
of  such  irons  as  are  made  from  Cumberland  or  Spanish  iron 
ores. 

**  During   the  last  twefve   months  I   have  made  special 

examinations  to  ascertain  if  there  was  any  material  difference 
between  the  structure  of  phosphorettic  and  non-phosphorettic 
pig  irons.  The  results  obtained  have  proved  that  the  differ- 
ence is  considerable. 

"  The  phosphorus  in  phosphorettic  pig  irons  exists  as 
phosphide  of  iron  in  a  eutectic  as  a  definite  chemical  compound 
having  the  formula  FeaP,  and  this  compound  exists  in  isolated 
segregated  masses,  easily  identified  in  the  grey  irons  but  less 
so  in  white  irons. 

**  Practical  men  know  very  well  that  it  is  impossible,  from 
the  appearance  of  the  fracture  of  pig  metal  to  tell  whether  a 
cast  iron  is  phosphorettic  or  not. 

'<  By  polishing  a  chip  of  the  iron  and  etching  it  with  iodine 
solution,  or  by  heat  tinting,  it  is  now  quite  easy  to  see  under 
the  microscope  the  phosphide  areas  and  to  make  an  approximate 
estimate  of  the  quantity  pf  phosphorus  present. 

"  A  series  of  specimens  of  grey  iron  containing  1*5  per  cent, 
I'oo  per  cent.,  0*50  per  cent,  0*25  per  cent.,  o*io  per  cent, 
and  0*05  per  cent  phosphorus  were  prepared.  After  polishing 
they  were  mounted.  The  slides  were  not  marked,  so  that  it  was 
impossible  to  tell  which  was  which ;  yet  it  was  easy  to  arrange 
them  in  sequential  order  on  examination  under  the  microscope. 

^'  It  was  also  possible  to  detect  isolated  specks  of  phosphide 
in  slowly  cooled  grey  metal  containing  less  than  0*05  per  cent, 
phosphorus. 

**  The  portions  last  to  solidify  were  those  which  contained 
the  most  phosphorus,  and,  as  one  would  expect,  the  phosphide 
areas  were  always  found  in  those  positions,  where,  when 
solidifying,  the  first  portions  to  freeze  forced  them.     They 
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were  generally  found  farthest  removed  from  the  plates  of 
graphite  in  grey  iron,  the  graphite  representing  the  portions 
first  to  fall  out  of  solution. 

"  The  phosphide  in  white  irons  occupied  areas  between  the 
massive  plates  of  cementite,  which  latter  first  crystallised, 
leaving  the  fusible  phosphorus  eutectic  compound  to  solidify 
in  those  areas  whither  it  was  driven  by  the  first  constituents 
which  fell  out  of  solution. 

'*  In  any  of  the  ordinary  Cleveland  white  pig  irons  it  is  easy 
to  identify  the  massive  carbide  plates,  the  pearly  constituent  of 
Dr.  Sorby  (Perlite,  Pearlite,  Pearly te),  the  second  pearly 
constituent  or  eutectic  of  phosphorus,  and  also  the  sulphides. 

"  The  best  way  of  treating  a  specimen  to  enable  one  to 
identify  these  constituents  is  to  heat  the  polished  metal  upon 
a  hot  plate  till  it  assumes  a  purple  tint  to  the  naked  eye.  The 
various  constituents  oxidise  at  different  rates,  and  assume  corres- 
ponding coloured  films.  Heated  in  this  way,  pearlite  assumes 
a  blue  tint  with  brown-red  worm-like  layers  of  carbide  of  iron  ; 
the  massive  carbide  takes  a  fine  red-brown  tint;  the  phosphide 
of  iron  a  pale  yellow  colour. 

"  The  sulphides  do  not  apparently  change  colour,  but  are 
easily  detected,  as  they  appear  of  a  slate  colour  and  exist  in 
isolated  segregations,  veiy  often  in  idiomorphic  crystals. 

**  These  colours  only  appear  in  this  order  if  the  heating  has 
been  correctly  done.  By  longer  heating  the  colours  advance 
in  sequentially  progressive  steps  forward  through  yellow,  brown, 
orange,  red,  purple,  blue,  to  slate  grey. 

"  Such  specimens  properly  heat  tinted,  are  magnificent 
microscopic  objects. 

**  The  ordinary  methods  of  etching  do  not  enable  one  to 
find  any  difference  between  carbides  and  phosphides,  and  iti 
the  past  some  metallographers,  myself  included,  have  mistaken 
the  one  for  the  other. 

"  The  heat  tinting  process  enabled  them  to  detect  with 
certainty  the  phosphides. 

"  The  phosphorus  eutectics  of  white  iron  are  quite  different 
from  those  of  grey  pig,  both  in  form  and  composition.'' 
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Description  of  Photographs,^ 


[See  illustrations  following  p.  6i^.    All  specimens  were  illuminated  bj 
▼ertical  light.] 


Photograph  No.  L — This  is  a  specimen  of  Cleveland  iron, 
No.  3,  "  Cargo  Fleet "  brand,  showing  sections  of  the  graphite 
plates  (black)  ferrite  constituting  the  ground  mass,  and  the 
phosphide  eutectic  in  irregular  patches  of  mottled  appearance, 
distributed  at  intervals  over  the  whole  area,  magnified  about  50 
diameters. 


Photograph  No.  IL — ^This  specimen  is  the  same  as  No.  L, 
but  magnified  250  diameters.  It  will  be  observed  that  the 
compound  character  of  the  eutectic  is  very  evident 


Photograph  No.  III. — This  is  a  highly  magnified  photograph 
of  one  of  the  phosphide  eutectic  areas,  showing  its  characteristic 
duplex  nature.  The  ground  mass  was  darkened  to  more  clearly 
show  the  structure.     This  was  magnified  400  diameters. 


*  Photographs  Nos.  I.  to  VII.  appeared  as  illustrations  to  a  Paper  by 
Mr.  Stead,  puDlished  in  the  **  Proce^ings  "  of  the  Cleveland  Institution  of 
Engineers  (February  26,  1900) ;  Nos,  VIII.  and  IX.  were  issued  subse* 
quently. 
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PJiotograph  No.  IV. — Cleveland  iron — Clarence  white  iron. 
The  structure  was  developed  by  etching  with  iodine,  which  had 
no  action  on  the  phosphide  or  carbide.  The  continuous  white 
areas  consist  of  massive  carbide.  The  mottled  area  the  phos- 
phide eutectic,  consisting  in  the  dark  spots  of  pearlyte,  and  the 
white  parts  of  juxapose,  carbide  and  phosphide  of  iron.  The 
dark  irr^ular  shaped  masses  are  pearlyte,  in  which  the  plates 
of  carbide  of  iron  are  veiy  thick.     Magnified  250  diameters. 

Note  that  the  photograph  gives  no  indication  where  the 
carbide  and  phosphide  join. 


Photograph  No.  V. — Basic  iron,  containing  2*9  per  cent  of 
phosphorus.  The  section  was  not  etched  with  iodine,  but  its 
structure  was  developed  by  the  "  heat  tinting  "  process.  The 
flat  dark  area  coloured  red  in  the  specimen,  but  shown  nearly 
black  in  the  photograph,  is  the  massive  carbide  of  iron  corres- 
ponding to  the  broad  white  areas  in  the  previous  photograph. 
The  irregular  globular-shaped  masses,  nearly  white,  in  the 
photograph  sky  blue,  are  pearlyte.  In  the  specimen  the  carbide 
was  red,  the  phosphide  pale  yellow,  and  the  pearlyte  blue. 
Note  the  clearly  marked  division  between  the  massive  carbide 
and  the  phosphorus  eutectic,  so  different  from  what  is  seen  in 
the  iodine  etdied  specimen  of  No.  4.    Magnified  200  diameters. 


Photograph  No.  VI.—  Iron  containing  6  per  cent,  phosphorus 
and  1*6  per  cent,  carbon,  etched  with  iodine.  The  white  bands 
are  sections  of  carbide  of  iron  which  first  fell  out  of  solution  on 
solidifying.  The  broken  up  structure  is  the  phosphide  eutectic 
constituting  now,  in  consequence  of  the  large  proportion  of 
phosphorus,  the  ground  mass.  The  dark  areas  are  pearlyte. 
Magnified  100  diameters. 
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Photo^aph  No.  VIL-^White  hematite  pig  iron  containing 
0*04  percent,  phosphorus,  etched  with  iodine.  The  dark  areas 
are  pearlyte,  the  white  parts  carbide  of  iron.  No  phosphide 
eutectic  is  shown  in  this*  photograph.  The  small  half-tone 
areas  seen  embedded  in  the  cementite  are  mainly  sulphide  of 
manganese.    Magnified  100  diameters. 


Photograph  No.  VIII. — Pearlyte  in  steel.     Magnified  350 
diameters. 


Photograph  No.  IX. — Ingot  containing  11 'lo  per  cent 
phosphorus  and  88*9  per  cent,  iron,  showing  sections  of  rhombic 
or  oblique  idiomorphic  crystals  of  FesP  embedded  in  a  ground 
mass  of  the  eutectic    Magnified  60  diameters. 


Photogiiaph  No.  II. 


tm 
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COPPER. 


This  important  metal  (it  is  hardly  necessary  to  say)  is  now 
almost  indispensable  to  the  requirements  of  the  engineer,  being 
largely  used  for  locomotive  fire-boxes,  tubes,  and  numerous  other 
purposes.    It  is  also  a  constituent  of  a  great  number  of  alloys. 

Copper  when  pure  has  a  red  colour,  is  ductile,  tough,  and 
highly  malleable,  and  is  one  of  the  best  conductors  of  heat  and 
electricity  known ;  it  has  a  specific  gravity  of  896,  and  melts 
at  about  1,106^  C.  Owing  to  the  complex  nature  of  the  ores 
from  which  copper  is  extracted,  the  number  of  impurities  it  may 
contain  are  many ;  and  since  very  small  quantities  of  some  of 
these  impurities  render  copper  practically  useless  for  some  pur- 
poses, it  becomes  very  important  that  in  buying  it  should  be 
ascertained  that  the  metal  is  of  the  desired  quality.  The  im- 
purities that  may  be  expected  to  be  found  in  copper  are  arsenic, 
antimony,  lead,  bismuth,  sulphur,  oxygen,  nickel,  tin,  iron,  zinc. 

Arsenic,  antimony,  and  lead  in  small  quantities  have  a  very 
injurious  effect  upon  copper,  making  the  metal  brittle  and 
"  cold-short,"  although  lead  is  added  for  rolling  purposes  to  the 
extent  of  ^  per  cent.,  and  the  presence  of  arsenic  in  limited 
quantities  appears  to  benefit  the  metal  for  certain  purposes. 
Bismuth  and  sulphur  are  very  undesirable  elements  in  copper. 
Bismuth  present  to  the  extent  of  only  rhi  is  liable  to  make  the 
metal  **  cold-short"  Silver  generally  occurs  in  copper  in  such 
small  quantities  as  not  to  affect  its  quality.  Nickel  and  iron  in 
small  quantities  render  copper  less  malleable,  more  infusible 
and  brittle.  Oxygen  present  as  cuprous  oxide  plays  an  im- 
portant part  in  the  metallurgy  of  copper.  Being  soluble  in  the 
molten  metal  it  makes  it  hard  and  brittle ;  it  is,  however,  for 
the  most  part  eliminated  from  the  metal  while  in  the  molten 
state  by  a  process  termed  poling,  which  consists  in  covering  the 
metal  with  powdered  coke  or  anthracite  and  stirring  with  a  pole 
of  green  wood,  by  which  means  the  oxide  is  reduced  to  the 
metallic  state.  Now,  although  oxygen  in  itself  produces  a 
brittle  metal,  it  has  the  desirable  property — ^wfaen  present  in 
certain  proportions — of  neutralizing  the  injurious  effects  of 
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Other  impurities  present ;  so  that  it  is  essential  that  the  poling 
of  commercial  copper  should  not  be  carried  on  as  far  as  to 
allow  the  prejudicial  effects  of  the  metallic  impurities  to  pre- 
dominate. 

The  principal  ores  from  which  copper  is  smelted  are  the 
red  and  d/ack  oxides  found  in  Cornwall,  Australia,  and  South 
America;  copper  pyrites  found  in  Cornwall,  Australia,  Cuba, 
Siberia,  and  Sweden ;  green  and  blue  carbofiates  found  in  America, 
Australia,  and  Siberia;  and  grey  ore,  being  a  .mixture  of  the 
sulphides  of  copper,  arsenic,  antimony,  and  iron,  occurring  in 
Cornwall  and  Saxony.  Native  copper  is  found  disseminated  in 
granite  in  Wales  and  Cornwall,  while  on  the  shore  of  Lake 
Superior  blocks  of  metallic  crystallized  copper,  weighing  as 
much  as  400  tons,  have  been  found. 

The  metallurgy  of  copper,  owing  to  the  variable  and  complex 
nature  of  its  ores,  is  very  complicated.  The  centre  of  the  copper 
smelting  industry  in  this  country  is  at  Swansea. 

It  is  interesting  to  note  (as  pointed  out  by  a  recent  writer*) 
the  '^  striking  difference  in  a  modern  copper  smelting-plant  when 
compared  with  those  which  were  in  operation  twenty  or  thirty 
years  ago.  A  30  to  50  tons  cupola  was  then  considered  a  large 
furnace,  whereas,  if  the  notable  copper  mines  of  to-day  are 
passed  in  review,  it  will  be  found  that  the  up-to-date  water- 
jackets  are  smelting,  year  in  and  year  out,  from  200  to  250 
tons,  and  even  300  tons  daily.  The  same  comparison  applies 
to  reverberatory-smelting  furnaces,  whose  ancestors  can  be  seen 
in  Swansea,  where  tradition  and  custom  have  adhered  to  the 
original  size  of  9  feet  by  15  feet  internal  dimensions,  whereas  a 
modern  reverberatory  furnace  has  a  laboratory  of  16  feet  by 
35  feet,  smelting  50  tons  of  ore  daily;  and  even  tliese  are 
small  when  compared  with  those  lately  erected  at  the  Boston 
and  Montana  Company's  works,  where  regenerating  reverbera- 

•  Mr.  M.  Eissler,  in  a  Paper  on  the  Production  of  Copper,  read  before 
the  Institution  of  Mining  Engineers  on  May  23rd,  1901.  See  also  the  same 
Author's  work  on  "The  Hydro -Metallurgy  of  Copper  Ores,*'  now 
(December;  1901)  in  the  press  (Loi^doq ;  Crosby  Lockwoo4  ^  Son). 
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tory  furnaces  are  smelting  from  125  to  150  tons  of  roasted  ore 
into  matte  daily.'*  ^ 

''The  most  notable  advance  in  smelting/'  says  the  same 
writer, ''  has  been  the  utilisation  of  the  sulphur,  iron,  and  other 
oxidizable  substances  in  the  ores  as  generators  of  heat,  so  that 
they  practically  smelt  themselves,  without  the  aid  of  extraneous 
heat  The  application  of  this  principle  is  known  as  '  pyritic 
smelting.' 

''  All  copper,  however,  is  not  produced  by  smelting  :  in  some 
isolated  cases,  as  at  Rio  Tinto,  in  Spain,  the  copper  contents 
are  extracted  by  wet  methods  or  leaching;  and  in  Arizona, 
U.S.A,,  sulphuric  acid  is  used  as  a  solvent  for  the  extraction  of 
copper.  The  brilliant  results  achieved  at  the  Rio  Tinto  mines, 
by  the  natural  decomposition  of  the  ores,  which  after  being 
exposed  in  immense  heaps  to  atmospheric  agencies,  are  then 
lixiviated,  goes  to  prove  that  when  local  conditions  favour  the 
introduction  of  wet  methods,  copper  can  be  won  at  a  very  low 
cost  by  these  means." 

Mithodfor  the  Complete  Analysis  of  Copper* 


Insoluble  Besidue  and  Stock  Solution. — Weigh  out 
50  grms.  of  the  sample  in  turnings,  and  transfer  to  a  li  litre 
beaker,  pour  on  600  cc.  of  nitric  acid|  sp.  gr.  1*2  =  6*15  £, 
and  allow  to  digest  on  a  warm  plate  until  all  that  is  soluble  is 
dissolved ;  evaporate  now  over  water  bath  until  crystals  of  cop- 
per nitrate  come  out.  Dissolve  in  800  cc.  of  distilled  water  and 
^Iter  off  any  residue  through  a  small  tared  filter  paper ;  detach 
any  portion  adhering  to  the  sides  of  the  beaker  with  the  aid  of 
a  feather  and  wash  till  free  from  the  copper  salt  with  E  HNO3 
and  finally  with  water ;  dry  the  filter  at  100  C,  and  weigh 
between  watch  glasses.  If  the  residue  is  at  all  considerable  it 
is  to  be  kept  and  fused  with  sodic  sulphide,  and  treated  by  pro- 
cesses herein  described.  There  will  be  a  separate  method 
adopted  for  the  estimation  of  tin.  The  filtrate  is  now  diluted 
to  1,000  cc.  at  15*5°  C,  and  poured  into  a  dry  stoppered  bottle, 
from  which  known  volumes  are  to  be  taken  for  the  estimation  of 
mQ3t  of  the  impurities^ 
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Estimatioii  of  Fe,  K"i,   Co,   Zn. — 200    cc    (equivalent 

to  10  grms.  of  sample)  of  the  stock  solution,  are  measured 

out  accurately,  and  poured  into  a  litre  beaker ;  add  now  20 

cc.  of  sulphuric  acid,  sp.  gr.  1*84  =  36  E,  and  evaporate  as  far 

as  possible  on  the  water  bath  and  finally  on  the  sand  bath 

until  all  furaes  of  H3SO4  are  eliminated.     Allow  to  cool  and 

F 
digest  with  300  cc.  of  -^  H2S0i,  until  all  that  is  soluble  is 

mt 

dissolved,  decant  as  much  as  possible  of  the  clear  blue 
solution  into  a  tared  if  litre  flask,  provided  with  a  cork, 
and    pass  the  residual  solution  containing  any  PbSOi,  &c., 

through  a  filter  paper  and  finally  wash  with  —  H2SO4  until 

2 

free  from  copper  salt — reject  residue.  To  the  solution  add 
50  cc.  of  strong  HCl  =  10  E,  and  dilute  to  1,000  cc,  the  solu- 
tion being  now  65  E  total  free  acid.  Heat  the  solution  to  70°  C. 
and  saturate  with  sulphuretted  hydrogen,  after  which  the  cork 
is  introduced,  allowed  to  cool  to  ordinary  temperature,  and  the 
whole  weighed.  Deduct  from  this  the  weight  of  the  dried  flask, 
+  1507  grms.  CuS  (the  amount  of  CuS  formed  by  the  10 
grms.  of  sample  taken ;  this  is  not  strictly  speaking  correct, 
but  there  is  no  practical  error  introduced  for  ordinary  coppers) 
and  the  amount  of  liquid  present  will  be  obtained.  Decant 
through  a  filter  carefully  and  as  quickly  as  possible  (to  prevent 
oxidation)  into  another  tared  i^  litre  flask  and  weigh;  and  cal- 
culate from  this  the  amount  of  sample  equivalent  to  the  volume 
decanted  {vide  example,  page  76).  The  liquid  is  now  poured 
out  of  the  flask  into  a  beaker  and  evaporated  to  complete  dry- 
ness over  the  sand  bath.  Dissolve  the  residue  in  20  cc.  of  J  E 
HCl,  pour  into  a  small,  tall  beaker  and  saturate  with  SHj, 
and  filter  off  any  little  CuS,  &c^,  that  was  not  completely 
separated  in  the  first  instance.  Neutralize  the  solution  with 
20  E  AmHO,  add  \  cc.  in  excess,  and  saturate  with  SHj. 
Allow  to  settle  in  a  warm  place  for  about  a  quarter  of  an 
hour  and  filter  off  the  precipitated  sulphides  of^Fe,  Ni,  &c. ; 
wash  quickly  with  i  E  Am^S  solution  and  dissolve  residue 
in  3  CO.  warm  5  E  HCl,  with  addition  of  a  crystal  of  chlorate 
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of  potash :  boil  the  solution  carefully  until  all  free  chlorine  has 
escaped,  add  4  cc.  of  5  E  AmCl,  dilute  to  about  20  cc,  and 
add,  very  cautiously,  5  E  solution  of  amnionic  carbonate, 
until  nearly  all  the  free  acid  is  neutralized  ;  then  add,  drop  by 
drop,  a  solution  of  E  amnionic  carbonate,  until  a  slight  tur- 
bidity is  produced.  Heat  slowly  to  boiling,  cool,  and  add  3  cc. 
of  5  E  AmHO ;  allow  to  stand  a  short  time,  filter  through  a  small 
filter  paper,  wash  with  J  E  AmCl,  reserve  filtrate,  re-dissolve 
in  3  cc.  of  5  E  HCl,  and  re-precipitate  the  iron  now  as  ferric 
hydrate  [Fe2(H0)«]  with  i  cc.  of  ammonic  hydrate  '880  sp.  gr. 
=  20  E ;  heal  to  boiling,  and  filter  off  through  one  of  Schleicher 
&  SchuU's  smallest  size  chemically  pure  filter  papers,  leaving 
less  than  *oooi  grm.  of  ash  on  incineration,  a  quantity  which 
may  be  disregarded  in  the  determination.  (It  may  be  here 
remarked  that  throughout  the  copper  analysis,  where  such 
small  quantities  are  to  be  weighed,  it  will  be  advisable  to  use 
these  papers.  They  can  be  obtained  from  Messrs.  Town  son  & 
Mercer,  London,  who  are  the  sole  agents.)  Wash  the  precipi- 
tate with  water,  until  the  washings  no  longer  give  a  turbidity 
with  nitrate  of  silver,  mix  filtrate  and  reserve,  spread  the  filter  on 
to  a  watch  glass  and  dry  in  the  water  oven.  Scrape  as  much  as 
possible  of  the  oxide  into  a  small  tared  porcelain  crucible  and 
ignite  the  filter  paper  separately,  adding  the  residue  to  the 
main  portion.  The  crucible  and  its  contents  are  now  gradu- 
ally ignited  to  a  full  red  heat  in  the  oxidizing  flame  of  a  Bunsen 
or  in  a  good  muffle,  after  which  it  is  cooled  in  a  good  desic- 
cator and  weighed.  The  increase  in  weight  of  the  crucible  is 
the  amount  of  iron  originally  present  in  logrms.  of  the  sample 
now  in  the  state  of  peroxide  (FcaOa).  This  weight,  multiplied 
by  '700,  and  divided  by  amount  of  s.imple  taken,  x  100,  will 
give  the  percentage  of  iron  in  the  sample. 

The  mixed  filtrates,  containing  the  zinc,  &c.,  are  now  evapo- 
rated to  30  cc.  and  made  just  acid  with  HCl,  and  then  just 
alkaline  with  E  NaaCOj ;  add  4  drops  of  5  E  HCl,  saturate 
with  SH2,  filter  off  any  zinc  sulphide  if  present,  and  wash. 
Boil  the  solution   until  SH,  has  gone  off,   neutralize  with 
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K      .  . 

E  NaaCOj,  make  —  with  acetic   acid,  add  2  cc.  E  acetate  of 

5 
soda,  heat  to  70°  C,  saturate  with  SHj,  allow  precipitate  to 

subside,  fiher  off  the  nickel  sulphide  quickly,  and  wash  with 
SH2  water  (test  the  solution  for  manganese  by  neutralizing  with 
ao  E  AmHO,  and  adding  5  cc.  5  E  AmjS).  Dissolve  off  the  filter 
with  5  cc.  of  10  E  HCl,  with  addition  of  a  crystal  of  potassic 
chlorate,  boil  till  chlorous  odour  has  gone,  and  wash  out  into  a 
porcelain  dish  ;  volume  being  here  now  15  cc,  neutralize  with 
2  E  NasCOs,  boil, and  add  2  cc.  of  2  E  NaHO  solution  (pure)  to 
the  hot  solution,  and  boll  for  a  few  minutes  :  filter  off  hydrate  of 
nickel,  wash  with  boiling  water  till  free  from  alkali,  dry  in  water 
oven,  scrape  precipitate  into  a  tared  crucible,  ignite  the  filter 
separately,  and  add  residue  to  main  portion  :  ignite  the  crucible 
at  a  red  heat  for  ten  minutes,  cool  and  weigh  the  NiO,  which 
X  7867  and  -T-  the  amount  of  sample  taken,  x  100  =  per- 
centage of  nickel  in  the  sample. 

Test  the  nickel  oxide  for  cobalt  by  treating  the  residue  in  the 
crucible  with  ^  cc.  of  aqua  regia,  evaporating  to  dryness,  dissolv- 
ing in  5  cc.  of  water,  adding  a  drop  of  5  E  acetic  acid  and  2  cc. 
of  4  E  potassic  nitrite  solution,  and  allowing  to  stand  at  50^  C. 
for  some  hours,  when,  if  cobalt  is  present,  a  yellow  precipitate 
of  double  nitrite  of  cobalt  and  potassium  will  be  produced. 

Estimation  of  Antimony  and  Arsenio  {AbePs  process), — 
Take  200  cc.  of  stock  solution,  equivalent  to  10  grms.  of  original 
sample,  and  pour  into  a  litre  beaker.  Add  5  cc,  of  an  E  solution 
of  nitrate  of  lead  [Pb(N03)2]i  70  cc.  of  5  E  AmHO,  and  lo  cc. 
5  E  AmjCOg.  Dilute  to  800  cc,  and  allow  to  stand  twenty-four 
hours  with  frequent  stirring,  after  which  it  is  allowed  to  stand 
without  stirring,  until  the  precipitate  of  arseniate,  antimoniate, 
carbonate,  &c,  of  lead  has  settled  to  the  bottom.  Decant  as 
much  as  possible  of  the  clear  solution,  filter  off  the  remain- 
ing solution,  wash  the  precipitate  with  2  E  AmHO  till  free 
from  copper  salt,  &c,  spread  out  the  filter  on  a  glass  plate, 
carefully  remove  as  much  as  possible  of  the  precipitate  into 
an  80  cc.  beaker  with  a  platinum  spatula,  and  remove  any  pre- 
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cipitate  adhering  to  the  paper  with  30  cc.  of  i^  E  oxalic  acid, 
with  the  aid  of  a  wash  bottle.  Boil  the  solution  for  half  an 
hour,  filter  off,  and  wash  with  water.  The  antimony  and  arsenic 
is  now  in  solution.  Dilute  filtrate  to  150  cc,  neutralize  with 
2  E  pure  solution  of  sodic  hydrate,  add  7  grms.  by  weight 
in  excess,  saturate  with  sulphuretted  hydrogen  (SHj),  allow 
to  stand  in  a  warm  place  for  some  time,  filter  off  sulphide  of 
lead,  &c.,  and  wash  with  4  E  NaaS  solution.  Neglect  residue, 
dilute  filtrate  to  225  cc,  carefully  add  20  cc  of  10  £  HCI, 
allow  the  precipitate  of  antimony  and  arsenic  sulphides,  and 
free  sulphur,  to  settle  in  a  warm  place  for  a  couple  of  hours, 
filter  oflf,  wash  with  SH2  water,  dry  in  water  oven,  half  fill  a 
small  tall  beaker  with  bisulphide  of  carbon,  fold  the  paper  up 
with  its  contents,  place  it  cone  downwards  into  the  CS3,  and 
cover  with  a  watch  glass;  by  this  means  the  great  bulk  of 
the  free  sulphur  is  dissolved  out. 

After  digesting  for  a  couple  of  hours  the  filter  is  spread  out 
on  a  watch  glass  and  dried,  the  precipitate  brushed  into  a 
small  beaker  and  dissolved  in  a  mixture  of  2  cc.  22  £  HNO3 
(fuming)  and  6  cc.  10  E  HCI  at  a  gentle  heat.  Dilute  with 
water  to  50  cc,  add  4  grms.  of  tartaric  acid  previously  dissolved 
in  5  cc  of  water,  neutralize  with  5  E  AmHO  and  add  4  cc.  in 
excess.  Add  10  cc  of  E  magnesia  mixture  (prepared  by  dissolv- 
ing 68  grms.  magnesic  chloride  and  165  grms.  AmCl  in  290 
cc.  of  5  E  AmHO  and  diluting  to  i  litre)  and  dilute  to 
100  cc,  stir  well  and  allow  to  stand  twenty-four  hours,  filter 
off  the  arseniate  of  magnesia  and  ammonia,  detaching  the 
last  portions  of  the  precipitate  from  the  beaker  with  the  aid 
of  some  of  the  filtrate  and  a  feather.  This  is  adopted  in 
order  to  minmiize  the  number  of  washings  with  the  2  E  AmHO 
in  which  the  precipitate  is  somewhat  soluble.  Wash  with 
2  E  AmHO,  and  note  the  total  volume  of  the  solution,  which 
should  be  about  120  cc,  and  reserve.  Dry  the  precipitate  in 
the  water  oven,  brush  into  a  tared  porcelain  or  platinum  cru- 
cible, saturate  the  paper  with  E  ammonium  nitrate  solution, 
dry,  ignite  by  means  of  platinum  wire  and  Bunsen,  and  add 
the  residue  to  mes^n  portion.    Ignite  gradually^  until  the  cru- 
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cible  is  at  a  bright  red  heat,  cool,  and  weigh.  The  ind^ase  of 
weight  of  the  crucible  is  due  to  pyroarsenate  of  magnesia 
(MgaAsjO?).  Add  to  this  weight  -0032  grra.  due  to  the  solu- 
bility of  the  arseniate  of  magnesia  and  ammonia  in  the  120  cc. 
of  the  ammoniacal  solution,  multiply  this  weight  by  '4^39  X  ^^t 
and  thia  will  give  the  percentage  of  arsenic  in  the  sample. 

The  filtrate  containing  the  antimony  is  now  neutralized  with 
10  E  HCl  and  5  cc.  added  in  excess.  Saturate  withSHz,  allow 
the  sulphide  of  antimony  to  settle  in  a  warm  place,  filter  off, 
wash  with  SH2  water,  dry  in  water  oven,  scrape  off  paper  into 
a  small  tared  crucible,  moisten  the  paper  with  £  AmN03  solu- 
tion, dry  and  ignite,  and  add  residue  to  crucible;  add  8  to  10 
times  its  bulk  of  22  £  HNO3,  cover  with  a  watch  glass  and 
digest  for  some  time  at  a  gentle  heat ;  evaporate  off  excess  of 
acid  and  carefully  ignite  at  a  red  heat  for  ten  minutes,  cool 
in  desiccator  and  weigh  the  SbaOi.  Multiply  this  weight  by 
•7922  X  10,  and  this  will  give  the  percentage  of  Sb  present  in 
sample. 

Estimation  of  Lead  and  Bismuth  i^AbeTs  Process).— 
Take  200  cc.  of  the  slock  solution  (=10  grms.  of  sample)  and 
pour  into  a  litre  beaker.  Now  add  20  cc.  of  E  sodic  phos- 
phate solution,  dilute  to  650  cc,  add  60  cc,  20  £  Am  HO,  stir 
well,  and  allow  to  stand  for  forty-eight  hours.  Decant  as  much 
as  possible  of  the  clear  liquor,  filter  the  residue  on  a  small 
filter  paper,  wash  till  free  from  copper  salts  with  2  E  AmHO, 
and  dissolve  the  phosphates  of  lead,  bismuth,  &c,  on  the 
filter  into  a  small  beaker  with  5  cc  of  warm  10  £  HCl,  wash- 
ing out  with  hot  water.  Let  volume  here  be  now  20  cc, 
neutralize  with  20  £  AmHO,  add  i  cc  in  excess,  saturate  with 
SH2  gas,  allow  the  precipitated  sulphides  of  lead,  bismuth,  &c., 
to  subside  in  a  warm  place,  filter  and  wash  with  SH2  water, 
place  a  test  tube  under  the  funnel  and  pour  on  to  the  pre- 
cipitate 5  cc.  of  8  £  HNO3  (warm),  passing  it  through  several 
times. 

There  are  invariably  lumps  of  dark  sulphur  containing  traces 
of  lead  and  bismuth  left  on  the  paper.  To  separate  the  sulphur^ 
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push  the  sulphur  particles  as  far  as  possible  down  to  the  bottom 
of  the  filter,  dry  in  water  oven,  and  digest  in  some  carbon 
bisulphide  contained  in  a  smalt  beaker  until  the  sulphur  is 
dissolved  out ;  now  dry,  treat  with  8  £  HNO3,  and  add  this 
to  the  main  portion.  The  filter  is  dried,  moistened  with  am- 
monium nitrate,  carefully  incinerated,  and  the  ash  likewise 
added  to  main  solution.  The  whole  is  boiled  until  all  is 
dissolved.  Dilute  to  15  cc,  nearly  neutralize  solution  with 
AmHOy  using  20  £  at  first,  and  towards  the  end  -  a  5  £ 
solution,  drop  by  drop,  until  the  precipitate  which  is  formed 
goes  into  solution  with  difficulty,  and,  the  solution  being 
perfectly  clear,  add  now  some  recently  precipitated  copper 
hydrate,  Cu(HO)3,  in  slight  excess  with  the  aid  of  a  glass 
spatula,  stir  well,  and  allow  to  stand  a  couple  of  hours 
with  frequent  stirring.  (The  copper  hydrate  is  prepared  by 
diluting  5  cc.  of  £  CuCl,  to  80  cc,  and  adding,  gradually 

£ 

stirring,  15  cc.  of  —  NaHO  solution,  in  the  cold,  filtering,  and 

2 

washing  with  water  till  free  from  NaHO.)  This  quantity  of 
Cu(HO)a  will  generally  be  found  sufficient  for  ordinary  coppers. 
The  bismuth  is  thus  precipitated  as  Bi(H0)3,  and  the  lead 
left  in  solution  as  nitrate.  Filter  off  and  wash  with  hot  water, 
and  reserve  filtrate  for  the  estimation  of  lead.  Dissolve  off 
the  Bi(HO)j  and  excess  of  CufHO)^  in  3  cc.  of  5  E  HNO3,  wash 

the  paper  with  —  HNO3,  dilute  to  20  cc,  saturate  with  SH2,  allow 

to  settle,  filter  off  sulphides,  dissolve  in  8  £  HNOs  as  before, 
dilute  to  15  cc,  neutralize  with  5  £  AmjCOs  add  5  cc  in 
excess,  and  allow  to  digest  on  a  hot  plate  for  some  time ;  filter 
off  the  bismuth  carbonate,  wash,  dry  in  water  oven,  brush 
off  to  a  small  watch  glass,  ignite  the  filter  carefully,  and  add 
the  ash  to  a  tared  crucible.  Digest  this  in  a  few  drops  of 
16  E  HNOs,  evaporate,  add  main  portion  of  precipitate  from 
watch  glass,  and  ignite  the  whole  cautiously  in  the  oxidizing 
flame  of  a  Bunsen  burner  for  ten  minutes,  cool  and  weish. 
Increase  in  weight  =:  BijOj  X  '8965  x  10  =  percentage  of 
bismuth  present  in  sample. 


70  METALS,  ALLOYS,  ETC. 

[This  process  is  liable  to  give  low  results  for  lead  The  lead 
could  be  estimated  in  the  portion  taken  for  the  iron,  &a,  esti- 
mation, but  the  residue  should  be  taken  up  in  5  £  sulphuric 
acid,  to  take  bismuth  sulphate  in  solution,  and  then  diluted 
f.ve  times  with  water  before  filtering  off  the  lead  sulphate.] 

Estimation  of  Combined  Oxygen  {AbePs  Process). — Clean 
■  a  piece  of  the  sample  2  in.  x  i  i  in.  x  ^  in.  by  immersing  for  a  few 
Seconds  in  16  E  HNO3 ;  wash  with  distilled  water,  then  with  alco- 
hol, dry  quickly  in  water  oven  and  weigh.  Immerse  in  150  cc  of 
E  AgNOa  solution  for  three  hours,  occasionally  scraping  off 
the  metallic  silver,  &c.,  from  the  surface  of  the  copper  with  a 
stir  rod.  (Reaction  with  regard  to  the  combined  oxygen  = 
CU2O+  2  AgNO,  =  Aga  +  Cu(N03)aCuO.)  The  portion  of 
the  sample  unacted  upon  is  taken  out  and  washed  with  the  aid 
of  a  jet  of  water  from  a  wash  bottle,  and  a  feather ;  the  water 
is  taken  off  with  alcohol,  and  the  sample  dried  in  water  oven, 
cooled,  and  weighed.  The  difference  between  this  and  the 
original  weight  is  the  amount  of  sample  taken  for  the  estimation. 
The  liquid  and  washings  are  decanted  through  a  filter  paper, 
and  the  precipitated  silver  and  basic  nitrate  of  copper  washed 
with  water,  first  six  times  by  decantation  combined  with  filtra- 
tion, and  finally  filtered  through  the  filter  paper  and  washed  till 
free  from  copper.  The  filter  and  its  contents  are  now  spread 
out  on  a  sheet  of  glass  and  the  precipitate  transferred  by 
means  of  a  platinum  spatula  to  an  80  cc.  beaker.  Now  add 
5  cc.  of  £  AgNOs  solution,  digest  for  half-an-hour  (this  to 

E 
ensure   perfect  reaction),  add   25  cc,  of  standard  -  H2SO4, 

4 

allow  to  digest  in  an  air  oven  for  one  hour  at  50°  C,  filter  by 

decantation,  and  wash  free  from  acid.  The  reaction  which  takes 

place  here  is  as  follows :  Cu(N03)jCuO  +  H2SO4  =  Cu,(NOa), 

+  CuSOi  +  H2O,  so  that  if  we  ascertain  how  much  acid  the 

basic  nitrate  has  taken  up,  we  can   calculate  its   equivalent 

of  oxygen.     In  order  to  ascertain  this,   fill  a   burette  with 

E 
standard  -  NaaCOj,  and  run  it  gradually  into  the  solution, 
4 
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which  should  be  boiling  (this  is  to  eliminate  CO2  produced, 
which  would  keep  any  basic  carbonate  of  Ag  or  Cu  in  solu- 
tion) until  a  faint  permanent  precipitate  is  produced.  Subtract 
the  volume  required  from  25  cc  and  this  will  give  the  amount 

E 
of  —  HgSOi  neutralized. 
4 

Now  I  cc.  of  -  Ha  SO4  =  '002  gnii.  of  oxygen,  and  in  order, 

to  get  the  percentage  of  oxygen  present  multiply  the  number  of 

E 

cc's  of  -  H2SO4  required  by  '002,  divide   by  the  amount  of 
4 

sample  taken,  and  multiply  by  100. 

'Hampa^s  Method  for  Determining  Oxygen  in  Cop- 
per.*— This  has  been  found  to  be  a  more  satisfactory  method 
than  AbeUs.  It  consists  in  the  extraction  of  the  oxygen  by 
ignition  of  the  sample  in  pure  hydrogen  gas.  There  are 
various  precautions  necessary.  The  modus  operandi  is  as 
follows : — 

Thirty  to  forty  grams  of  the  copper  are  weighed  for  the  test. 


The  sample  should  be  in  the  form  Oi  bright  turnings  small 
enough  to  pass  through  a  tube  i-in.  in  diameter.  The 
turnings  must  be  first  washed  several  times  by  decantation  with 
ether  to  remove  any  grease,  then  dried  in  a  water  oven,  and 
cooled  in  a  desiccator.    They  are  then  transferred  into  a  clean, 

•  Vide  Zei's,  fur  Anai.  Chem.^  1874,  pp.  1 76-234;  and  paper  by  I*, 
Archbutt  in  the  Analj^st^  October,  1900, 
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dry,  combustion  bu)b  tube  made  of  Jeua  glass  of  the  shape 
and  dimensions  shown  ia  Fig.  27. 

They  weigh  about  50  grams.  The  simplest  way  of  getting 
the  turnings  into  the  tube  is  to  rork  one  end,  and  pour  the 
turnings  through  a  funnel  placed  in  the  other  end.    After  the 


cork  and  funnel  are  detached,  the  tube  and  its  contents  are 
accurately  weighed.  The  weight  of  the  dry  empty  tube  having 
been  previously  ascertained,  the  exact  weight  of  the  copper  is 
thus  obtained.  The  tube  and  its  contents  is  now  supported  on 
a  sheet-iroh  tray  lined  with  asbestos  millboard,  a  piece  of 
perforated  sheet  asbestos  is  bent  over  the  top  and  kept  in 
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shape  by  an  iron^wiie  frame,  and  flat  pieces  of  asbestos,  per- 
forated in  the  centre  to  receive  the  ends  of  the  bulb  lube,  are 
placed  at  the  sides ;  the  arrangement  is  seen  in  Fig.  aS. 
The  tube  is  heated  by  a  Bansen  burner  giving  a  broad,  flat 
flame. 

The  tube  is  now  ready  to  be  attached  to  hydrogen  generating 
and  purifying  apparatus,  &c.  The  whole  apparatus  as  used  by 
Mr.  Archbutt  is  seen  in  Fig.  29,  and  consists  of— (i)  Kipp 
generator ;  ( 2)  Washing  bottle  containing  caustic  soda  sohition  ; 
(3)  Tower  containing  stick  caustic  soda ;  (4)  (J-tube,  con- 
taining re-fused  dry  caustic  potash  in  small  pieces ;  (5)  Bulb- 


tube  containing  the  prepared  diy  copper ;  (6)  U-tube  con- 
taining strong  sulphuric  acid;  (7)  Pipetles  for  measuring  the 
rate  of  flow  of  hydrogen. 

The  apparatus  having  been  all  joined  up,  a  current  ol 
hydrogen  is  passed  through  the  apparatus  at  the  rate  of  about 
I  litre  per  hour,  until  the  issuing  gas  burns  quietly,  which 
usually  takes  about  fifteen  minutes.  The  current  of  gas  is 
then  reduced  about  one-half,  and  if  much  arsenic  is  present 
in  the  copper  it  is  further  reduced ;  the  copper  is  then  heated 
up,  with  the  flame  just  touching  the  iron  support,  until  water 
begins  to  condense  beyond  the  bulb  tube. 


^od  Metals,  alloys,  etc. 

Should  there  be  a  sublimate  of  As^Og  observed,  the  current  of 
hydrogen  is  made  very  slow,  and  the  tube  is  now  more  strongly 
heated  so  as  to  reduce  the  oxide  to  a  mirror  of  metallic  arsenic 
within  the  tube.  Any  water  condensing  between  the  bulb  and 
the  U-tube  is  driven  along  by  the  application  of  a  small 
Bunsen  flame.  The  tube  containing  the  copper  is  now 
gradually  heated  to  full  redness,  and  when  no  more  water 
condenses,  the  rate  of  hydrogen  passing  over  is  increased  to 
I  litre  per  hour.  After  the  heat  is  thus  kept  on  for  about  an 
hour,  the  gas  is  turned  out,  and  the  current  of  hydrogen 
meanwhile  kept  going  until  the  tube  is  quite  cold.  The  bulb- 
tube  is  now  disconnected,  and  the  hydrogen  therein  displaced 
by  aspirating  a  current  of  dry  air  through  the  tube ;  the  latter 
is  then  weighed,  and  the  loss  in  the  oxygen  contained  in  the 
weight  of  copper  taken,  calculated  in  percentage. 

It  is  a  very  satisfactory  element  in  the  process  that  the 
amount  of  oxygen  in  the  copper  taken  by  the  loss  in  weight 
when  heated  in  hydrogen  is  practically  identical  with  that 
obtained  by  the  direct  weighing  of  the  oxygen  evolved  as 
water.  < 

The  following  is  the  result  ot  one  of  the  many  experiments 
made  by  Mr.  Archbutt  to  prove  the  accuracy  of  the  process, 
which  is  now  beyond  all  doubt:— 

Sauplb  of  Copper  Firebox  Plats.  ^ 

Gramfl* 

Weight  of  copper  taken 32*9989 

„  „  „  and  tube  before  heating  .  •  •  60*6767 
„  y,  ,t  „  y,  after  heating  in  COs  .  •  60*6745 
„       „       „        „     „        „        „        „  hydrogen    .    606305 

Loss  of  weight  in  hydrogen  .«••••        '0440 

Water  absorption  tube  before  experiment     .        •        •    49*4910 
»»  t»  »     after         m  ...    49'44»7 

Weight  of  water  formed       •••.••       t^Sj 
Containing  oxygen       •••••..        'i^zg 
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Thus  the  percentage  of  oxygen  found  was : — 

(1)  By  loss  of  weight  of  copper 0*133 

(2)  By  weight  of  oxygen  in  water  formed     •        •        •        0*135 

The  variation  of  oxygen  in  samples  of  copper  is  considerable, 
and  in  conjunction  with  the  proportion  of  other  elements 
present  it  exercises  an  important  influence  on  the  physical 
properties  of  the  metal.  Out  of  thirty-three  samples  of  rod, 
tube,  and  plate  copper  examined  by  the  process,  the  amount 
of  oxygen  varied  from  0*005  per  cent,  to  0*207  per  cent. 

Eetimatioii  of  Silver  and  Sulphnr. — Take  200  cc.  of 

stock  solution  =  10  grms.  of  sample,  and  dilute  to  700  cc. 

with  distilled  water.    Heat  to  70*^  C,  add  2  cc.  of  5  E  HCI, 

allow  the  chloride  of  silver  to  settle,  out  of  contact  with  light, 

for  twenty-four  hours,  decant  as  much  as  possible  of  the  clear 

fluid,  filter  off"  the  AgCl  on  a  small  filter  paper  (chemically 

E 
pure),  wash  with  --  HNO3  and  finally  with  water  till  free  from 

copper  salt  Dry  in  water  oven,  scrape  off"  into  a  tared  porcelain 
crucible,  ignite  filter  separately,  and  add  residue  to  main  por- 
tion; moisten  with  a  couple  of  drops  of  16  £  HNOa,  to  oxidize 
any  reduced  silver,  add  a  drop  of  10  E  HCI  to  convert  it 
into  chloride,  evaporate  and  carefully  ignite  at  a  dull  red  heat 
for  ten  minutes  (do  not  fuse),  cool  in  desiccator,  and  weigh. 
The  weight  of  AgCl  thus  ascertained,  multiplied  by 7527  x  100 
:=  percentage  of  silver  present  in  sample. 

The  filtrate  containing  the  sulphur  is  now  evaporated  to  dry- 
ness with  50  cc.  of  10  £  HCI.  The  residue  is  taken  up  in  50  cc. 
of  water,  and  evaporated  to  dryness  again  with  50  cc.  of  10  E 
HCI  (this  is  to  convert  the  copper  into  chloride,  as  the  writer 
has  found  that  BaS04  is  soluble  to  an  appreciable  extent  in  a 
strong  solution  of  nitrate  of  copper).    Dissolve  the  residue  in 

2C0CC.  of  —    HCI,  and  filter  if  necessary  :  boil,  add  10  cc.  of 
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E  baric  chloride  solution,  and  allow  to  stand  twenty-four  hours; 

decant  as  much  as  possible  of  the  clear  solution,  filter  off  the 

K 
BaSO^  on  a  small  filter,  wash  with  -    HCl,    and    finally   with 

water  until  free  from  copper  salts.  Dry  in  water  oven,  brush 
off  the  precipitate  into  a  tared  crucible,  ignite  the  61ter  separately, 
add  residue  to  former,  and  ignite  in  oxidizing  flame  of  Bunsen 
at  a  dull  red  heat  for  ten  minutes.  Allow  to  cool,  and  weigh. 
The  weight  of  BaSO*  multiplied  by  'i  J73  X  10  =  the  per- 
centage of  sulphur  present  in  the  sample. 

Estimation  of  Tin. — Weigh  out  10  grms.  of  sample, 
brush  into  a  tared  litre  flask  with  cork,  add  96  cc.  of  5  £ 
HCl  and  8  cc.  16  E  HNO3 ;  heat  until  dissolved,  dilute  to  840 
cc,  add  160  cc.  of  10  E  potassic  hydrate  solution,  saturate 
with  SH3  (this  will  take  a  couple  of  hours),  allow  the  precipitate 
to  subside,  decant  as  much  as  possible  of  the  clear  supernatant 
liquor  through  a  filter  paper  into  another  weighed  litre  flask, 
weigh  and  calculate  for  quantity  of  sample  taken  as  in  the  ex- 
ample of  estimation  of  Tin  {vide  page  80),  remove  from  flask  to 
a  beaker,  neutralize  with  10  £  HCl  and  add  30  cc.  in  excess. 
Allow  the  precipitate  to  subside  in  a  warm  place  for  a  couple  of 
hours ;  filter,  wash  with  SH2  water,  and  dry  in  water  oven ; 
brush  the  precipitate  of  tin,  antimony,  and  arsenic  sulphide 
with  the  free  sulphur  produced,  into  a  tared  Rose's  crucible, 
provided  with  a  lid  and  delivery  tube ;  connect  the  delivery 
tube  with  the  SH2  apparatus,  and  pass  current  of  dry  SHs  over ; 
heat  the  crucible  gently  at  first  with  a  Bunsen  flame,  and 
gradually  more  strongly,  so  as  to  volatilize  the  free  sulphur 
and  arsenic  sulphide.  The  sulphides  of  Sb  and  Sn  now 
remain.  Moisten  with  a  couple  of  drops  of  16  E  HNO3, 
add  I  cc.  of  22  E  HNO3,  allow  to  digest  hot  for  half-an-hour, 
evaporate  carefully,  heat  gradually,  at  first  with  lid  on  over 
Bunsen,  and  afterwards  to  red  heat  with  lid  off.  Cool  and  weigh 
the  Sn02  and  SbaO;  thus  produced,  and  subtract  from  this  the 
weight  of  SbaOi  as  found  in  the  other  portion  taken  for  the  anti- 
mony estimation.  Remainder  =  weight  of  SnOf  Multiply  this 
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by  *7867,  divide  by  amount  of  sample  taken,  multiply  by  100 
=  percentage  of  tin  in  the  sample. 

[Test  the  residue  for  Cu,  which,  if  present,  must  be  extracted 
by  means  of  nitric  acid,  and  the  residue  again  ignited  and 
weighed.] 

Estimation  of  Copper  {Browns  Process). — It  sometimes 
happens  that  an  estimation  of  the  amount  of  copper  present  in 
a  sample  of  copper  is  sufficient  in  many  cases.  But  in  order 
to  reduce  the  error  involved  in  its  estimation  to  a  minimum, 
great  care  is  required  and  perfect  confidence  and  experience 
in  the  method  on  the  part  of  the  operator  to  insure  accuracy. 
The  author  has  found  the  following  modified  process  of  Brown's 
to  give  very  good  results : — Dissolve  '5  grm.  of  sample  (weighed 
to  tV  of  a  milligram)  in  10  cc.  of  6  E  HNOa,  add  6  cc. 
5  E  H^SOi,  evaporate  to  dryness  and  heat  residue  on  sand 
bath  until  fumes  cease  to  come  off;  dissolve  in  10  cc.  of  E 
HjSOi,  filter  off  sulphate  of  lead  on  a  very  small  filter, 
wash  with  E  H2SO4  until  free  from  copper,  dilute  to  40  cc, 
gradually  add  an  E  solution  of  NasCOs  until  a  slight  per- 
manent precipitate  is  produced  in  the  cold,  re-dissolve  this 
in  I  cc.  of  5  £  H2SO4  and  add  12  cc.  of  2  E  sodic  acetate 
solution  and  9  cc.  of  5  E  acetic  acid ;  boil  for  ten  minutes, 
filter  off  the  basic  acetate  of  iron,  &c.,  without  losing  a  drop 

E 

of  the  solution,  and  wash  with  a  hot  —  solution  of  sodic  acetate 

10 

till  free  from  copper  salt,    deduce  filtrate  by  evaporation  to 

about  35  cc.  and  wash  into  a  colourless  250  cc.   stoppered 

bottle.     Volume  now  50  cc. ;  add  to  this  50  cc.  of  a  solution 

of    potassic  iodide  containing  5  grms.  KI ;  shake  well,  and 

allow  to  stand  for  ten  minutes.     Now  carefully  run  in  from  a 

E 
burette  an  -  standard  solution  of  hyposulphite  of  soda  (thio- 

sulphate  Na2S203)  until  nearly  all  the  free  iodine  liberated  is 
seen  to  have  disappeared ;  now  add  5  cc.  of  starch  solution  (i 
grm.  starch  in  100  cc.  of  water),  which  will  form  blue  iodide  of 
starch ;  run  in  the  hyposulphite  very  carefully,  stirring,  until  the 
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solution  becomes  colourless.  Note  the  volume  of  hyposulphite 
required.    Taking  the  atomic  weight  of  copper  as  63*1,  then 

I  cc.  of  —  Na^SaOj  should  equal  '00631  grm.  copper;  but  the 

value  of  the  hyposulphite  should  invariably  be  obtained  by 
treating  0*5  grm.  of  pure  eleclrotype  copper  as  above  and  noting 

E 

the  volume  of  the  —  hyposulphite  that  this  is  equivalent  to.  A 

factor  can  thus  be  obtained  for  determining  unknown  quantities. 
Owing  to  a  little  difficulty  that  presents  itself  sometimes  in  de- 
termining the  end  of  the  reaction,  due  to  differences  in  tint,  a 
duplicate  assay  should  go  on  at  the  same  time,  so  that  if  the 
first  assay  was  run  a  little  over  or  a  little  under  the  mark,  by 
a  second  observation  this  could  be  corrected.  An  example 
will  make  matters  clearer. 

•5  grm.  of  a  sample  of  electrotype  copper  supplied  by  Messrs. 

E  . 

Hopkin  and  Williams  required  80  cc.  of  —  hyposulphite  (theo- 
retical quantity  being  79*2  cc.)  and  a  «ample  of  tube-plate 
copper  previously  completely  analyzed  by  the  foregoing 
methods  and  giving  99*80  per  cent,  of  copper  by  difference, 

E 
required  79*8  cc.  —  hyposulphite.    Then 

80  :  79-8  :  :  '5  :  jr  =  -49875     ' 
■49877  X  2  X  100  =  99*75  per  cent,  copper  present. 

Reactions : 

2  Cu(X08)2  +  4  KI  =  CU2T2  +  4  KNO,  + 13 
2  Na2S203  +  I2  =  2  Nal  +  NaoSiOa 

Determination  of  Arsenic  in  Copper  {Paitinson^s  Process). 
— ^The  principle  of  this  process  depends  upon  the  fact  that  if  a 
nitric  acid  solution  of  copper  be  neutralized  with  caustic  soda 
and  a  slight  excess  added,  the  whole  of  the  arsenic  present  will 
be  precipitated  as  arsenate  of  copper  before  the  precipitation 
of  hydrated  cupric  oxide,  and  also  that  if  a  neutral  solution  of 
nitrate  of  copper  containing  arsenic  in  solution  be  treated  with 
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hydrated  oxide  of  copper  the  arsenic  is  likewise  precipitated  as 

copper  arsenate.     Dissolve  10  grams  of  the  copi)er  in  70  cc.  of 

8E  nitric  acid,  boil  off  excess  of  acid,  dilute  to  250  cc,  neu- 

F 
tralize  with  E  caustic  soda  solution,  and  add  a  volume  of  -^ 

10 
sodic  carbonate  containing  2^  times  as  much  Naj  COj  as  the 
weight  of  arsenic  expected  to  be  present;  boil  for  about  5 
minutes,  and  allow  the  precipitate  to  subside  and  the  liquid  to 
become  cool;  filter — washing  of  the  precipitate  is  unnecessary — 
dissolve  the  precipitate  in  20  cc.  of  hot  5E  HCI,  dilute  to 
250  cc,  neutralize  with  5  E  AmHo,  and  add  40  cc  of  20  E 
Am  Ho  in  excess,  saturate  with  SH2,  and  allow  to  stand  at  a 
temperature  near  the  boiling  point  for  i  hour,  filter  off  sulphide 
of  copper,  &c.;  the  arsenic  is  now  in  solution  as  sulphide; 

E 

wash  with    —  Am2S  solution  :  dilute  filtrate  to  230  cc,  and 

10 
carefully  add  20  cc  of  10  E  HCI,  and  allow  the  sulphide  of 
arsenic  produced  to  settle  in  a  warm  place  for  a  couple  of  hours, 
after  which  it  may  be  filtered  off,  washed,  dissolved  in  nitric 
acid,  and  the  arsentc  precipitated  with  magnesia  mixture,  and 
determined  as  described  on  page  67. 

Distillation  Method  for  Arsenic  Estimation. — The  prin- 
ciple of  this  process  is  that  when  an  arsenical  copper  is  distilled 
with  a  solution  of  ferric  chloride  in  hydrochloric  acid,  the  copper 
is  dissolved  as  chloride,  while  the  arsenic  is  distilled  as  chloride. 
Weigh  out  10  grams  of  the  copper  into  a  300  cc.  retort  attached 
to  a  Liebig's  condenser,  and  pour  on  the  metal  200  cc  of  a 
solution  of  ferric  and  calcic  chlorides  in  hydrochloric  acid  pre- 
pared by  dissolving  300  grams  of  ferric  chloride  and  600 
grams  of  calcic  chloride  in  600  cc  of  10  E  hydrochloric  acid 
and  diluting  to  the  litre  with  distilled  water.  Distil  until  100  cc 
has  come  over,  add  20  cc  of  5  £  HCI  to  the  residual  liquid  in 
the  retort,  and  continue  the  distillation  until  another  50  cc. 
has  come  off.  The  whole  of  the  arsenic  is  now  in  the 
distillate;  neutralize  the  solution  with  caustic  soda,  and  add 
8  grams  in  excess,  saturate  with  sulphuretted  hydrogen,  allow  to 
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Stand  in  a  warm  place  for  some  time,  filter  off  any  precipitate, 
and  wash  with  a  little  |  £  NaaS  solution ;  dilute  filtrate  to 
2.^0  cc,  and  caiefully  add  25  cc.  of  10  £  HCl;  allow  the  preci- 
pitate of  sulphide  of  arsenic  to  subside  in  a  warm  place  for  a 
couple  of  hours,  filter  and  wash,  and  treat  the  precipitate  and 
estimate  the  arsenic  therein  as  described  on  page  67. 


Analytical  Data  of  a  Complete  Analysis  of  a  Sample  op 

Copper  by  the  foregoing  Methods. 

Residue  insoluble  in  6  E  HNO3. 

50  grms.  taken. 

Grmt. 
Watch  glasses  -f-  clip  -(-  filter  paper   after  dijriog   in 

water  oven  for  2  hours 38 '899; 

Ditto  -)-  insoluble  residue  dried  i  hour  in  water  oven    .    38*9097 

>»  »»  f>  n  >i  2nd  time    38-9097 


Insoluble  residue  in  50  grms.        *cioo 
*oi  X  2  =:  0'02  per  cent,  insoluble  residue. 


Estimation  of  Iron,  Nickel,  &c. 
Calculation  for  amount  of  sample  taken. 

Original  sample  taken  =  10  grms. 

Grmt. 

Flask  (i) -|- cork 131*92 

Do. -f  liquid -f- CuS 1190*08 

liquid  -f  CuS 1058-16 

CuS  (corresponding  to  10  grms.  Cu)  .  1507 

Total  liquid  1043*09 

Fla&k  (2) -f  cork 128-16 

Ditto  -|-  filtered  liquid          ......  966*02 

Liquid  taken  for  analybis        .        .  837*86 

1043*09 :  837*86  : :  10  :  jf  =:  8-032 

Equivalent  to  8*032  grms.  of  copper  taken  for  the  estimation  of  inm, 
nickel,  &c. 


ANALYSIS  OF  COPPER  (ANALYTICAL  DATA). 

Iron. 
8-032  grins,  of  sample  taken. 

Grmt. 

Porcelain  Crucible  marked  4r        •        •        •        •        .      7*4312 

Do.  4- FeaOs  1st  ignition 7*4535 

^  „   2nd  ignition 7-4535 

FcjOj      .        .  0023 

FejOa  into  Fc  '7000 

W161  ^«  •        •      '^^^^ 

-s =  -00020 

8032 

'0002  X  100  :;=  *02  per  cent.  iron. 


NiCKRL. 

8*032  grnis.  of  sample  taken. 

Gnn«. 
Porcelain  Crucible  marked  O         •        •        •        •        •    7*45 14 

Do. -|- NiO  1st  ignition         • 7*4599 

t»         2nd        „ 7  4599 

NiO  ....   -0085 
NiO  into  Ni   .   •   -7867 

39335 
62930 

-006687  _  .^j^  -00668695 

8*032      . 

Equivalent  to  *o83  per  cent,  nidcel. 

Zinc. 
8*032  grms.  of  sample  taken. 

Nil. 


Manoanesb. 
Nil. 

Estimation  of  Arsenic. 

10  grms.  of  sample  taken. 

Gims 
Porcelain  Crucible  marked  13     •        .        •        •        •       6*0715 

Do.  -f-  MgiAsaO?  itt  ignition    •        .        •        •       •       6*2364 

ft  2nd  ignition    •       •       •       •       •       6*2360 

•1645 
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Allowing  for  solubility  of  precipitate 


^IgsAsaO?  ioto  Aa\-       «       • 


0S115  X  10  =  '812  per  cent,  arsenic. 


Grmt. 

•0032 

•1677 
•4839 

15093 

5031 
13416 

6708 
•081 15003 


Estimation  of  Antimony. 
10  grms.  of  sample  taken. 

Porcelain  Crucible  marked  00     .        .        » 
Do,  +  SbjO*  +  F.A. 

n  ,9  2nd  igni:ion        • 


Sb304 

SbjOi  into  Sb 


Sb.        . 
■00087 1  X  10  =  -009  per  cent,  antimony. 


Gnnt. 
6-9265 
6*9276 
6-9276 

*O0II 

•792a 

•7922 
•7922 

-0008714a 


Estimation  of  Lead. 

10  grms.  of  sample  taken. 

(^ ■  • 

rorce^ain  Crucible  maiked  V 6-9168 

Lo.  -|-  i'bSOi  1st  ignition  .••.••        6*9286 
$t      2nd     „ 6-9286 


PbS04     . 

PbSOA  into  Pb 


•008061  X  10  =:  *o8i  per  cent,  lead. 


•on  8 
•683a 

54656 
683a 
683a 

*oo8o6i7^ 
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Estimation  or  Bismuth. 
10  grms.  of  sample  taken. 


Porcelain  Crucible  marked  u 
Do.  -|-  BJqOs  1st  ignition   . 

2nd 

3rd 


I) 


i> 


»> 


» 


Bi203  . 
BisOa  into  Bi 


^0043032  X  10  ^  'O43  per  cent,  bismuth 


Estimation  of  Silver. 
10  grms.  of  sample  taken. 


Porcelain  Crucible  marked  x  y  • 
Do.  4"  AgCl  1st  ignition    . 
H  2nd 


tf 


Gnnt. 
7*4906 

7*4959 
7-4954 
7*4954 

•C043 
•8965 

71720 
35860 

•00430320 


AgCl  .        . 
AgCl  =  Ag 


•00067743  X  10  =:  '007  per  cent,  of  silver. 


Grinf. 
6-0715 
6*0724 
6*0724 

-0009 

•7527 

•00067743 


Estimation  of  Sulphur. 

10  grms.  of  sample  taken. 

Gims. 
Porcelain  Crucible  marked  xy  »        •        .        •        •        6*0720 

Do.  -f  BaSOi  1st  ignition 6  0761 

f,  2nd      y, 60761 

'0041 
Deduct  for  sulphur  in  reagents  "0031 


•001  X  '1373  =  'OO01373 
""OCX)! 373  X  10  ss  *ooi  p«r  cent,  sulphw. 


•0010 
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EsmiATiON  OF  Tin. 

Calcalation  of  amount  of  sample  taken. 

Original  sample  taken  =  lo  grms. 


Flask  (I)  +  Cork 
Do.  +  Liquid  +  CuS 


Liquid  -)-  CuS 
CuS. 


Total  liqu  d 


Flask  (2)  +  Cork       . 

Do.  -|-  decanted  liquid  (filtered) 


Liquid  taken  for  analysis 
Then  1053*71  :  761-6  : :  10  :  ;r=  7-228 
^Equivalent  to  7-228  grms.  sample  taken  for  tin  e.timation. 


Grmt. 

1201-33 

1068*78 
1507 

105371 

12S-20 
88980 

761*60 


Porcelain  Crucible  marked  T    .       •   -    • 
Do.  +  SnOa  +  SbaO*        .        .  .        .        . 

„  2Qd  ignition    •        •        .        . 

Deduct  SbiK)4  {vide  page  35)  :?21i_XJ[25?  = 

Sn02 


grm. 


•^211>Lm  =  .000206 

7228 
Equivalent  to  *03i  per  cent.  tin. 


Grmt. 

7-6287 

7-6314 
7-6314 

•0027 
-CO08 

-0019 


Estimation  of  Oxygen. 

Grms. 

W*atcli  glass 12-602 

Do.  4- Sample  .        .        • 51*485 

Sample  taken 38-883 

Weight  of  watch  glass  -)-  sample  afler  diges* 

tion  in  AgNOs 46*559 

Sample  dissolved  •        ,        #        •        •        •  4-926 


ANALYSIS  OF  COPPER. 


8l 


ThepicciiiitatedAg  +  Cu(N08),.  CuO,  was  digested  with  5  cc 

y 
E  AgNOa  and  25  cc.  standard  -  HjSOi,  for  one  hour  at  50°  C, 

4 

E 
filtered  and  washed.     On  titrating  back  wiih  -  NajCO,  until  a 

4 

slight  permanent  precipitate  was  obtained  on  boiling,  23-9  cc. 
were  required. 

25  —  23-9=  II  cc.  —  H2SO4  useJ. 

K  ^ 

I  cc.  --  ir2S04  =  002  gim.  O.  or  -0178  grm.  CuaO. 
4 

I'l  X  *oo2  =  'O022  grm.  O. 

•c»22  ^  ^ 

4"^^^='~^^4^Snn.O. 

*000446  X  ICO  =  '045  per  cent,  combined  o*:ygcD. 

1*1  X  '0178  =  '01958  grm.  CujO 
'Oi958__.^ 


4*926 


'004 


•CO4  X  ICO  ==  -40  per  c-nt.  suboxide  of  copper,  Ci'aO, 


Analyses  of  Two  Samples  of  Corrnx. 


(By  the  Author.) 

No.  I. 

No.  2. 

Per  cent. 

I'cr  cent 

Antimony         ....      0*020 

0002 

Aisenic     . 

1 

t 

I  010 

0-020 

Bismuth  . 

• 

• 

.      0045 

0021 

Iron 

• 

• 

0-020 

0-005 

Lead 

>        < 

» 

^ 

0085 

0-023 

Nickel     . 

1 

>        • 

0-083 

0-069 

Silver       . 

• 

< 

0010 

0014 

Sulphur   . 

< 

i 

Trace 

Nil 

Tin 

• 

. 

»» 

0018 

Zinc 

1        4 

i 

»> 

Nil 

Oxygen    • 

>        < 

1        « 

>      0055 

0-023 

Copper  (by  difference) 

98*672 

99-805 

Total 

1 

1        « 

»        • 

100-000 

lOO'OOO 
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No.  I  is  a  sample  of  copper  manufactured  some  forty  years 
ago,  and  which  has  done  good  service  as  a  locomotive  fire-box. 
No.  2  is  a  sample  of  recent  manufacture :  it  is  a  very  good 
sample  of  copper  for  electrical  purposes,  &c.,  but  owing  to  its 
purity  and  consequent  softness,  it  did  not  last  long  as  a  loco- 
motive fire-box. 

The  specification  for  copper  tube  plates  for  the  Indian  State 
Railways  enacts  that  "  the  plates  must  be  of  the  very  best 
quality,  and  samples  are  to  stand  a  test  of  being  doubled  cold 
without  showing  any  signs  of  cracking.  As  many  samples  of 
the  copper  as  the  Inspector-General  of  the  Rivay  Stores  shall 
think  fit  will  be  analysed  by  a  metallurgist  selected  by  the 
Inspector-General.  Should  any  of  the  analyses  show  more 
than  0*5  per  cent,  in  all  of  other  metals  or  matters,  the  plates 
represented  by  that  analysis  will  be  rejected." 

The  writer's  experience  with  regard  to  the  quality  of  copper 
tube  plates  is  that  pure  copper  is  too  soft  to  be  economically 
used ;  but  what  is  the  best  hardening  ingredient  to  add  to 
copper  so  as  to  reduce  corrosion  and  abrasion  to  a  minimum, 
has  yet  to  be  determined ;  although  arsenic  in  limited  quantities 
would  seem  a  favourable  addition  for  that  purpose. 

LEAD. 

The  chief  source  of  lead  is  from  galena,  which  is  a  sulphide 
of  the  metal  (PbS),  and  containing  86^  per  cent,  of  the 
element  when  in  a  pure  state.  It  is  found  associated  with 
limestone  in  Derbyshire  and  Cumberland,  and  with  clay  slate  in 
Cumberland.  The  ore  is  also  abundant  in  the  United  States, 
Spain,  and  Germany.  Other  ores  of  lead  occurring  in  smaller 
quantities  are  the  carbonate  (cerusite),  sulphate  (anglesite),  and 
phosphate  (pyromorphite).  Galena  always  contains  a  notable 
quantity  of  silver,  which  in  smelting  the  ore  is  reduced  along 
with  the  lead,  from  which  it  is  profitably  extracted  by  a  process 
of  concentration,  even  if  the  silver  is  present  only  to  the  extent  of 
a  couple  of  ounces  per  ton  of  lead.  Before  smelting,  lead  ores 
are  generally  first  concentrated^  whiph  i^easily  performed  (owing 
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to  their  high  specific  gravity)  by  meclianical  means,  by  which 
the  greater  portion  of  earthy  matter  is  separated.  In  obtaining 
lead  from  galena  it  is  first  roasted  in  a  reverberatory  furnace, 
so  as  to  become  partially  converted  into  oxide  of  lead  and 
sulphate  of  lead ;  the  unoxidized  galena  is  then  mixed  up  with 
the  oxygenated  compounds  and  melted  together,  when  they 
re-act  upon  each  other,  the  whole  of  the  sulphur  being  elimi- 
nated as  sulphurous  acid  gas,  while  the  lead  is  reduced  to  the 
metallic  state,  after  which  it  is  refined,  tlie  silver  extracted, 
and  cast  in  pigs  for  the  market 

Pure  lead  is  a  soft,  white  metal,  with  a  bluish  white-tint.  It 
has  a  specific  gravity  of  it '38,  and  melts  at  about  330^  C. 
It  is  very  malleable,  but  not  elastic.  Owing  to  the  unique 
properties  possessed  by  lead,  its  applications  are  varied  and 
extensive.  It  is  a  constituent  of  many  important  alloys,  such 
as  type-metal,  stereo-metal,  Britannia  metal,  pewter.  Queen's 
metal,  solder,  &c.;  it  is  used  for  lining  vessels  for  storing,  or 
in  the  manufacture  of  the  strong  adds,  such  as  hydrochloric, 
sulphuric,  hydrofluoric,  &c.,  which  have  little  action  upon  the 
metal.  Bullets,  shots,  piping,  sinks,  are  among  the  many  uses 
lead  b  put  to. 

Commercial  unrefined  lead  is  much  harder  than  the  refined 
metal,  owing  to  the  presence  of  impurities  such  as  copper, 
silver,  iron,  and  antimony.  A  sample  of  commercial  lead 
examined  by  the  writer  gave  on  analysis : — 


Per  ceat. 

Lead    .        • 

98-550 

Antimony     • 

I '102 

Copper .        • 

01 75 

Iron      .        • 

0*102 

Silver  .        • 

0'022  (=  8  gs.  per  ton  of  lead) 

[  gave  :— 

Percent, 

Lead    . 

99*955 

Antimony     • 

•006 

Copper  •        • 

•025 

Iron      .        • 

*oo4 

Silver  . 

0*00  E 
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Method  for  Analysis  of  Lead. 

Estimatibn  of  Silver. — ^Weigh  out  200  grams -of  the  metal 
in  a  500  cc.  beaker,  and  gradually  add  6  £  nitric  acid,  in  small 
quantities  at  a  time,  until  about  180  to  190  grams  of  the  metal 
has  gone  into  solution,  and  there  is  no  further  action  of  the 
acid  on  it,  all  the  silver  is  concentrated  in  the  residual  metal. 
The  solution  of  nitrate  of  lead  is  poured  off,  and  the  remaining 
metal  is  dissolved  in  about  50  cc.  6  £  HNOs  and  diluted  to 
500  cc,  and  filtered  if  necessary;  to  the  clear  solution  add 

5  cc.  of  -  HCl,  warm  the  solution  to  about  70°  C.  :'or  a  short 

time,  and  allow  to  stand  in  a  dark  place  for  a  day  or  so.  The 
whole  of  the  silver  is  now  precipitated  as  chloride  (AgCl). 
The  supernatant  liquid  is  now  decanted  from  the  precipitate, 
as  far  as  possible  without  disturbing  the  latter,  and  filtered  on  to 
a  small  ashless  paper,  and  washed  free  from  lead  salt  with  hot 
distilled  water,  dried  and  treated  in  the  same  manner  as  de- 
scribed for  the  estimation  of  silver  in  copper,  page  71. 

Estimation  of  Antimony,  Copper,  and  Iron. — Take 
100  grams  of  the  sample  and  treat  with  250  cc.  of  6  £  HNO3, 
heat  and  add  small  quantities  of  water  so  that  no  nitrate  of 
lead  separates,  dilute  to  500  cc.  and  allow  to  stand  about  twelve 
hours.  If  there  is  any  precipitate  formed  it  is  filtered  off,  and 
reserved  to  be  subsequently  tested  for  antimony.    Residue  i. 

The  filtrate  is  diluted  to  1,000  cc,  and  30  cc  of  36  £ 
sulphuric  acid  added,  and  stirred,  the  precipitate  of  sulphate 
of  lead  formed  is  allowed  to  subside,  the  supernatant  liquid 
is  syphoned  off,  and  the  residue  washed  by  decantation  with 
E  H2SO4.  The  solutions  and  washings  are  transferred  to  an 
evaporating  basin,  and  evaporated  until  fumes  of  sulphuric 
acid  are  copiously  evolved  ;  cool  the  liquid  and  add  40  cc  of 
water  ;  a  precipitate  of  sulphate  of  lead  occurs  here,  generally 
containing  small  quantities  of  antimony.  After  allowing  to 
stand  a  short  time  it  is  filtered  off,  and  dissolved  in  10  cc  of 
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10  K  HCL  diluled  to  50  cc.  and  saturated  with  sulphuretted 
hydrogen  ;  the  precipitate  of  lead  and  antimony  sulphides  are 
allowed  to  subside,  filtered  off,  and  the  sulphide  of  antimony 
dissolved  out  with  10  cc.  2  E  ammonic  sulphide;  dilute  to 
40  cc,  reserve.     Solution  1. 

The  filtrate  from  the  lead  sulphate  is  dihited  to  100  cc, 
heated  to  about  70°  C,  saturated  with  sulphuretted  hydrogen 
and  allowed  to  stand  in  a  warm  place  for  a  few  hours. 
The  precipitate  produced  is  filtered  off  and  washed  with  sul- 
phuretted hydrogen  water,  and  digested  with  hot  2  E  potas- 
sium sulphide,  until  all  antimony  and  arsenic  sulphides  are 
dissolved  out ;  the  residue  is  \yashed  with  sulphide  of  potas- 
sium and  the  filtrate  mixed  with  Solution  i  acidulated  with 
10  £  HCl  and  the  precipitated  sulphides  allowed  to  stand  in 
a  warm  place  for  some  time. 

The  residue  insoluble  in  potassium  sulphide  is  digested  with 
10  cc  hot  5  £  HNO3  until  all  that  is  soluble  is  dissolved,  the 
filter  is  carefully  incinerated,  and  the  ash  added  to  the  nitric 
acid  solution ;  add  5  cc.  of  5  E  H2SO4  and  evaporate,  until 
sulphuric  acid  fumes  are  evolved  ;  dilute  to  20  cc,  allow  any 
sulphate  of  lead  to  settle,  filter  with  a  little  E  HaSO^,  dilute  to 
50  cc,  saturate  with  H^S,  allow  sulphide  of  copper  to  settle  in 
a  warm  place,  filter,  and  wash  precipitate  with  HjS  water  ; 
reserve  filtrate,  dissolve  residue  in  10  cc  of  8  E  HNO3,  dilute 
to  50  cc,  heat  nearly  to  boiling,  add  2  E  sodium  hydrate  in 
slight  excess,  allow  the  precipitated  oxide  of  copper  to  sub- 
side, filter,  and  estimate  as  described  on  page  94.  The  filtrate 
from  the  sulphide  of  copper  is  heated  near  the  boiling  point, 
and  a  slight  excess  of  20  E  ammonic  hydrate  is  added,  boiled, 
and  the  hydrate  of  iron  filtered  off,  washed,  and  the  iron 
determined  as  described  on  page  65. 

The  precipitated  sulphides  of  antimony  and  arsenic  are  now 
filtered  off,  treated  with  fuming  nitric  acid,  separated  and 
estimated  as  described  on  page  97.  The  insoluble  residue 
(Residue  1)  obtained  on  treatment  of  the  original  sample  with 
nitric  acid  is  examined,  and  any  antimony  obtained  added  to 
that  found  as  above. 
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ZINC. 

Zinc  is  a  metal  now  much  used  by  engineers ;  it  is  employed 
in  the  form  of  sheets  for  various  purposes ;  it  protects  iron  from 
rusting;  it  also  is  used  as  an  electro-positive  element  in  several 
batteries,  and  is  a  constituent  of  a  large  number  of  useful  alloys. 

The  chief  ores  of  zinc  are  red  zinc  ore  (oxide),  calamine 
(carbonate),  and  zinc  blende,  or  black  yack  (sulphide).  The 
ores  do  not  occur  largely  in  this  country,  most  of  the  zinc 
used  being  smelted  and  imported  from  Belgium,  Silesia,  and 
Poland.     The  common  name  for  cast  zinc  is  "  spelter." 

Commercial  zinc  is  a  hard,  crystalline,  and  brittle  metal,  of 
a  white  colour.with  a  bluish  shade.  The  pure  metal  is  malleable 
at  the  ordinary  temperature.  Its  specific  gravity  is  6*9  when 
cast,  but  which,  however,  is  increased  on  rolling  or  hammering 
to  71.  It  does  not  contract  much  on  solidification  from  the 
liquid  condition,  and  is  thus  well  adapted  for  castings.  Zinc 
melts  at  412^  C,  and  boils  at  1040°  C. ;  heated  strongly  in  the 
air,  it  takes  fire  and  burns  with  a  greenish-white  flame,  with  the 
formation  of  dense  fumes  of  zinc  oxide  (ZnO). 

Methods  of  Analysis. — Commercial  zinc  may  contain  as 
impurities  lead,  tin,  iron,  copper  (cadmium).  Weigh  out 
10  grams  of  the  sample  and  transfer  to  a  200  cc.  beaker, 
add  60  cc.  of  8  E  HNO5,  and  heat  gently  until  all  that  is  soluble 
is  dissolved,  evaporate  nearly  to  dryness,  dilute  to  100  cc, 
allow  to  stand  for  some  time,  filter  ofl  any  oxide  of  tin,  wash 
with  \  E  HNOg,  and  estimate  tin  as  described  on  page  92. 
The  solution  is  now  evaporated  to  complete  dryness,  the  residue 
digested  with  12  cc.  of  10  E  HCI,  and  diluted  to  200  cc. ;  it  is 
then  saturated  widi  sulphuretted  hydrogen,  and  any  black  pre- 
cipitate of  sulphides  of  lead  and  copper  filtered  off  and  washed 
quickly  with  SH2  water;  evaporate  solution  (i)  to  150  cc,  and 
reserve.  The  black  precipitate  is  treated  on  the  filter  with 
10  cc.  of  8  E  HNO3,  and  any  undissolved  sulphur  is  to  be  gently 
incinerated  and  the  ash,  which  will  contain  oxide  and  sulphate 
of  lead,  &c.,  transferred  to  the  solution ;  i  cc.  of  36  E  HaSO* 
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IS  now  added,  and  the  whole  evaporated  to  dryness  on  the  sand 
bath ;  moisten  the  residue  with  4  cc.  of  5  E  H2SO4,  dilute  to 
20  cc,  allow  the  precipitate  of  sulphate  of  lead  to  settle,  filter 
and  wash  with  E  HgSOi,  and  determine  as  described  on  page 
93.  Should  the  solution  be  colourless,  there  will  not  be  much 
in  the  way  of  copper  present ;  a  trace  which  would  not  colour 
the  solution  would  be  detected  by  making  the  solution  alkaline 
with  20  E  Am  Ho,  when  a  deep  blue  solution  would  result. 
Should  there  be  an  appreciable  quantity  of  copper  present,  it 
should  be  precipitated  as  hydratcd  oxide  with  2  E  NaHO  solu- 
tion, and  estimated  as  described  on  page  93. 

The  reserved  filtrate  (i)  containing  the  iron  is  now  made 
alkaline  with  20  E  Am  Ho,  and  an  additional  quantity  is  to  be 
gradually  added  until  all  the  precipitated  hydrate  of  zinc  is 
completely  dissolved;  the  solution  is  now  boiled,  and  the 
hydrate  of  iron  containing  some  zinc  salt  is  filtered  off  and 
washed  with  E  AmCl.  Dissolve  the  precipitate  on  the  paper  with 
10  cc.  of  5  E  HCl,  wash  the  iron  salt  out  of  the  paper  with  hot 
distilled  water,  dilute,  fil  rale  to  50  cc,  add  5  cc  of  5  E  AmCl, 
and  gradually  add  5  E  AmaCOa  until  a  slight  but  permanent 
precipitate  is  produced ;  now  boil  for  5  minutes,  and  filter  oft* 
the  hydrate  of  iron  which  is  now  free  from  zinc,  and  wash  with 
hot  water  until  free  from  chlorides;  dry  in  water  oven,  in- 
cinerate in  a  weighed  crucible,  cool,  and  weigh.  Weight  of 
FcjOs  X  70  =  per  cent.  iron. 

The  following  are  analyses  made  by  the  writer  of  some 
samples  of  commercial  zinc  : — 

(«)  (a)  (3)  (4) 

Lead 1*480  1-145  J'320  0397 

Tin 1020  Trace  Trace  Nil 

Copper         ....      0'i82  „  ,,  „ 

Iron '217  0*063  0-113  0-020 

Zinc  (by  dilT.)       •        .        .    97101  98-792  98*567  99*583 

lOO'OOO  lOOOCX)         ICOCXX)  loo-coo 

It  is  most  essential  in  cases  where  zinc  is  to  be  used  for 
electrical  purposes  that  it  should  be  as  pure  as  possible,  since 
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small  quantities  of  impurities  materially  reduce  its  conductivity. 
The  specification  for  zinc  to  be  used  for  electrical  purposes 
should  enact  that  the  total  impurities  must  not  exceed  o'5  per 
cent.,  and  of  this  iron  must  not  exceed  0*04  per  cent. 

ALLOYS. 

Mixed  metals  or  alloys  are  now  largely  used  in  the  arts  and 
manufactures.  Mixtures  of  certain  metals  in  definite  propor- 
tions have  many  valuable  physical  properties  which  any  one 
element  of  their  composition  does  not  possess ;  thus  pure  gold 
is  so  soft  that  for  coinage  and  jewellery  it  is  necessary  to  mix  it 
with  a  baser  metal,  such  as  copper,  which  confers  upon  it 
gi eater  hardness,  and  therefore  greater  resistance  to  abrasion. 

Copper,  again,  in  a  pure  state  is  too  soft  to  resist  the  wear 
necessary  for  coinage,  and  hence  is  mixed  with  about  4  per 
cent,  of  tin  and  i  per  cent,  of  zinc,  which  very  materially  in- 
creases its  hardness.  If  two  parts  of  copper  and  one  part  of  tin 
be  melted  together,  a  metal  is  produced  which  is  susceptible  of 
a  very  fine  polish,  and  is  used  as  a  mirror  for  optical  instru- 
ments, &c.  It  is  now  generally  thought  that  the  metals  com- 
bine with  each  other  in  definite  chemical  proportions,  produc- 
ing compounds  which  are  soluble  in  any  one  of  its  constituents 
over  and  above  the  quantity  required  to  form  a  definite  chemical 
compound.     There  are  three  methods  of  preparing  alloys. 

(i  )  By  fusion — (a)  mixing  the  molten  metals  together,  or  (If) 
dissolving  a  solid  metal  in  a  molten  metal  of  higher  melting 
point. 

(2.)  By  subjecting  the  powdered  metals  to  intense  pressure. 

(3.)  By  electro-deposition. 

The  usual  method  in  forming  alloys  is,  of  course,  by  the 
fusion  method. 

Of  recent  years  many  new  alloys,  more  notably  bronzes,  have 
been  brought  into  use  for  certain  purposes ;  thus  Manganese 
Bronze  is  found  to  be  non-corrosive,  and  is  well  adapted  for  such 
purposes  as  ships'  propellers,  &c.  It  is  of  a  yellowish-grey  colour, 
and  has  a  tensile  strength  of  about  39  tons  per  square  inch 
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when  cold  rolled,  and  has  the  following  percentage  compo- 
sition : — copper,  82*4 ;  manganese,  i6'o ;  iron,  i'5  ;  carbon,  o*i. 

Phosphor  Bronze^  invented  by  Dr.  Kuntzel,  is  a  very  hard 
alloy,  and  is  well  adapted  for  machine  parts,  bearings,  &c.  It 
contains  in  100  parts  copper,  82;  tin,  13;  lead,  4*3;  phos- 
phorus, 07. 

Silicon  Bronze^  copper  containing  a  very  small  quantity  of 
silicon,  is  well  adapted  for  telegraph  purposes. 

Aluminium  Bronze  is  the  strongest  of  the  copper  alloys.  It 
is  composed  of  copper  90  per  cent.,  and  aluminium  10  per 
cent. ;  it  has  a  gold-like  colour,  and  when  rolled  into  plates  has 
a  tensile  strength  of  49  tons  per  square  inch. 

Delta  Meialf  an  alloy  well  adapted  for  bearings.  It  has  a 
yellow  colour,  melts  at  about  1800^  F.,  and  has  a  tensile 
strength  of  40  tons  per  square  inch.  It  contains  in  100  parts 
copper,  54*5;   zinc,  40*4;  iron,  i*o;  lead,  4*0;  phosphorus, 

O'lO. 

Muniz's  Metal^  or  malleable  brass,  is  an  alloy  of  3  parts  of 
copper  and  2  parts  of  zinc ;  now  much  used  for  the  sheathing 
of  ships. 

Ferromavganese  is  a  triple  alloy  of  iron,  carbon,  and  man- 
ganese, the  latter  often  amounting  to  over  85  per  cent. ;  used 
in  steel-making. 

Spiegeleisen,  like  ferro-manganese,  is  a  triple  alloy,  but  con- 
taining only  from  10  to  20  per  cent,  of  manganese. 

Methods  of  Analysis  of  Alloys. 
SPIEGELEISEN  AND  FERRO-MANGANESE. 

Estimation  of  Manganese. — There  are  two  methods 
generally  in  use,  (i)  Direct  method,  and  (2)  Indirect  method. 

Direct  method, — Weigh  out  '5  grm.  of  the  finely-powdered 
sample  into  a  50  cc.  assay  flask,  add  a  mixture  of  10  cc. 
10  E  HCl  and  5  cc.  22  E  HNO3  (fuming),  and  boil  until  all 
action  ceases.  Now  add  a  {^^n  crystals  of  potassic  chlorate  to 
ensure  complete  oxidation  of  organic  matter,  and  boil  until  all 
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free  chlorine  is  eliminated,  and  bulk  of  liquid  is  reduced 
to  about  8  cc.  ;  pour  into  3l  i^  litre  flask,  wash  out  with 
water,  dilute  to  250  cc,  and  gradually  add  5  £  amnionic  car- 
bonate solution,  until  a  slight  permanent  precipitate  is  obtained 
which  does  not  disappear  on  vigorously  shaking.  Dissolve  the 
precipitate  in  two  or  three  drops  of  10  E  HCl  and  add  2  cc.  in 
excess.  Now  add  20  cc.  of  5  £  ammonic  acetate  solution,  dilute 
to  800  cc.,  boil  for  ten  minutes,  filter  off  quickly  the  basic 
acetate  of  iron  thus  produced,  and  wash  three  times  with  hot 
distilled  water.    The  precipitate  is  dissolved  off  the  paper  with 

5  cc.  10  £  HCl  into  a  i^  litre  flask,  diluted  to  250  cc,  and  iron 
precipitated  and  filtered  off  as  before.  The  two  filtrates  are 
now  mixed  in  a  large  beaker,  and  evaporated  down  to  i  litre, 
allowed  to  cool,  3  cc.  of  bromine  added,  and  stirred  until 
all  goes  into  solution.  The  rest  of  the  process  is  conducted 
as  stated  on  page  43. 

Indirect  me//ioti,- -Estimate  the  percentage  of  iron  volume- 
trically  by  the  process  described  on  page  53,  add  to  this  result 

6  per  cent  for  carbon  and  impurities,  and  the  difference 
between  this  and  iqo  is  taken  as  the  percentage  of  manganese 
present.  This  indirect  method  is  largely  used  in  Spiegel 
works,  &c. ;  and  where  a  number  of  estimations  are  required 
in  one  day,  it  may  be  considered  sufficiently  accurate  for 
all  practical  purposes.  In  cases  of  dispute  between  buyers  and 
sellers  the  direct  method  must  be  adopted.  Fresenius  gives 
the  following  analysis  of  Spiegeleisen  made  from  Stahberg 
spathic  ore. 

Per  cent. 

Iron         ...•..••  82-860 

Manganese      .«••••.  10*707 
Nickel     ..•.•••,      0*016 

Cobalt trace 

Copi^er 0066 

Alumioium 0*077 

Titanium         •        .        •        •  •     •        •        •      0-006 

Magnesium O'^MS 

Carried  over      .«..>.    93*777 
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Per  cent. 

Brought  forward 9J'777 

Calcium 0091 

Potassium 0063 

ArscDic •  0*007 

Antimony 0*004 

Pho<phoiu3      • 0*059 

Sulphur 0*014 

Nitrogen 0*014 

Silicon 0'997 

Carbon •        •        •  4*323 

Slag        ••••••••  0*665 

100014 

Manganese  can  be  made  to  replace  iron  in  pig  iron  to  the 
extent  of  85  per  cent.  When  pig  iron  contains  manganese 
from  about  5  to  25  per  cent,  it  is  called  spiegeleisen,  and  when 
over  this  amount  ferro-manganese.  Manganese  plays  an  impor- 
tant part  in  the  manufacture  of  steel.  Owing  to  its  greater 
affinity  for  oxygen  than  iron  it  deoxidizes  any  FeO  formed  in 
the  process  ;  the  resulting  MnO  forming  a  fluid  slag  with  the 
impurities  and  readily  separating  from  the  molten  metal.  It 
likewise  neutralizes  to  a  great  extent  the  deleterious  effects  of 
sulphur. 

FERRO-ALUMINIUM. 

Sstimation  of  Alinninlnin. — ^Weigh  out  5  grams  of  the 
sample  in  a  500  cc.  beaker,  and  dissolve  in  70  cc.  of  10  £ 
HaSOi,  evaporate  to  dryness,  redissolve  residue  in  60  cc.  of 
2  E  H3S04»  dilute  in  a  graduated  measure  to  exactly  300  cc, 
and  well  mix;  100  cc.  of  the  solution  (=  i'666  grams)  are  fil- 
tered oflf  into  a  graduated  100 cc.  measure;  this  is  then  poured 
into  a  250  cc.  beaker;  about  5  grams  of  pure  iron  wire  is  now 
added  and  the  solution  boiled,  so  as  to  reduce  any  persalt  of 
iron  formed  ;  the  excess  of  acid  is  carefully  neutralized  with 
2  E  NaCOsi  and  the  mixture  gradually  poured  into  150  cc.  of  a 
boiling  solution  containing  30  grams  of  potassic  hydrate  and 
60  grams  of  potassic  cyanide ;  the  mixture  of  potassic  hydrate 
and  potassic  cyanide  with  iron  precipitated  as  hydrate  is  diluted 
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up  to  500  cc.  in  a  graduated  measure,  and  300  cc.  (=  i  gram  of 
sample)  filtered  off  into  a  large  evaporating  dish  ;  200  cc.  of  an 
E  solution  of  ammonium  nitrate  are  now  added  and  the  mixture 
heated  for  about  an  hour;  filter  and  wash  the  precipitated 
alumina  with  hot  water,  redissplve  in  20  cc,  of  5  E  HCl,  dilute 
to  200  cc,  neutralize  with  20  E  Am  Ho,  and  add  10  cc.  in 
excess,  boil,  filter  and  wash  with  hot  water,  dry  and  ignite  and 
weigh  as  AlaOg.  The  weight  obtained  multiplied  by  0*534 
X  100  =  percentage  of  aluminium.  Aluminium  is  generally  pre- 
sent to  the  extent  of  12}  per  cent. 

BRASS,  BRONZE,  &a 

Estimation  of  Tin,  Lead,  Copper,  Iron  and  Zino. — 
The  following  process  is  applicable  to  the  analysis  of  Aich's 
metal,  bell  metal,  brass  (all  colours),  bronze  for  bearings, 
Dutch  metal,  gun  metal,  Muntz's  metal  and  sterro  metal. 
Although  all  the  above-named  elements  are  not  always  present 
in  these  alloys,  it  is  always  advisable  to  pass  them  through 
the  process.  If  it  be  thought  that  the  amount  of  any  one 
element  present,  judging  from  the  amount  of  precipitate  found, 
is  not  sufficient  in  quantity  to  affect  the  quality  of  the  alloy, 
of  course  it  can  be  filtered  off  and  discarded,  and  the  estima- 
tion of  the  more  important  metals  pursued. 

Proceed  by  weighing  out  i  grm.  of  the  sample  into  an  80  cc. 
low  and  wide  beaker,  add  15  cc.  of  6  E  HNO3,  ^nd  heat 
until  all  that  is  soluble  is  dissolved.  If  any  quantity  of  tin  be 
present  a  white  precipitate  of  an  hydrate  of  tin,  called  meta- 
stannic  acid,  is  produced.  Evaporate  on  the  water  bath  nearly 
to  dryness,  dilute  with  distilled  water  to  100  cc,  boil,  filter 
off  the  precipitate,  wash  with  iV  C  HNO,,  until  the  filtrate  gives 
no  reaction  for  copper  with  potassic  ferrocyanide,  and  then  with 
distilled  water  until  free  from  acid.  The  filter  and  its  contents 
are  spread  out  on  a  watch  glass  and  put  into  a  water  oven  to 
dry;  in  the  meantime  a  small  porcelain  crucible  is  weighed, 
after  which  the  precipitate  is  brushed  into  it,  the  filter  ignited 
separately  and  the  ash  added  to  main  portion,  finally  ignited 
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for  ten  minutes  over  the  biow-lamp,  and  weighed.  The  weight 
of  the  oxide  of  tin  (SnOj),  thus  produced  x  7867  x  100  = 
percentage  of  tin  present.  The  filtrate,  which  may  now  con- 
tain lead,  copper,  iron  and  zinc  as  nitrates,  is  evaporated  as 
low  as  possible  on  the  water  bath,  with  addition  of  2  cc.  of 
36  £  H2S04,  and  finally  on  the  sand  bath  until  nearly  all  fumes 

of  H2SO4  are  driven  off.     Digest  residue  wiih  50  cc.  -  HgSOi 

till  all  that  is  soluble  is  dissolved;  filler  off   PbSOA,   wash 

E 
with  —  HaSO*  until  free  from  copper,  and  finally  with  water 

until  free  from  acid.  Dry  in  water  oven,  scrape  precipitate 
into  weighed  porcelain  crucible,  ignite  filter  separately,  add 
ash  to  main  portion,  ignite  at  a  dull  red-heat  for  ten  minutes, 
and  weigh.  Weight  of  PbSO*  X  '6832  x  100  =  percentage 
of  lead.  The  filtrate  is  mixed  with  23  cc.  10  E  HCl,  and 
diluted  to  350  cc,  heated  to  70°  C,  saturated  with  sulphu- 
retted hydrogen,  and  the  precipitated  copper  sulphide  allowed 
to  subside,  and  then  filtered  off  and  washed  quickly  with 

SH,  water. 

To  ensure  the  perfect  separation  of  zinc,  the  precipitate  is 

dried,  roasted  carefully  in  a  porcelain  capsule,  dissolved  in 
10  cc.  of  aqua  regia  (3  cc.  16  E  HNOj  and  7  cc.  10  E  HCl), 
evaporated  to  dryness,  residue  dissolved  in  52  cc.  of  5  E  HCl, 
and  diluted  to  350  cc,  and  the  copper  separated  as  sulphide 
as  before ;  the  two  filtrates  are  mixed  and  reserved  for  the 
determination  of  zinc  and  iron.  The  CuS  is  dissolved  off 
the  filter  with  10  cc.  of  8  E  HNO3,  using  small  portions  at  a 
time,  and  collected  in  a  300  cc.  porcelain  basin ;  the  filter  is 
washed  free  from  Cu,  the  solution  diluted  to  200  cc,  and 
heated  nearly  to  boiling ;  2  E  NaHO  solution  is  now  run  in, 
until  no  further  precipitation  of  copper  hydrate  takes  place, 
and  the  solution  r.hows  a  slight  alkaline  reaction.  It  is  now 
boiled,  allowed  to  settle,  and  the  clear  liquid  decanted  as 
far  as  possible  through  a  filter  paper;  150  cc.  of  hot  water 
are  poured  on  to  the  residue  and  again  boiled,  the  whole 
filtered  off,  and  the  precipitate  washed  with  hot  water  till  free 
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from  alkali.  The  filter  and  its  contents  are  now  dried  in  water 
oven,  the  CuO  scraped  into  a  weighed  crucible,  the  filter  paper 
ignited  separately,  the  ash  added  to  main  portion,  and  the 
whole  ignited  for  ten  minutes  at  a  dull  red  heat  over  a  Bunsen. 
The  weight  of  the  CuO  thus  obtained  X  7985  X  100  =  per- 
centage of  copper. 

The  reserved  filtrates  containing  any  iron  and  zinc  are 
evaporated  to  200  cc,  with  addition  of  a  few  crystals  of 
KCIO3  for  oxidation,  poured  into  a  300  cc.  porcelain  dish, 
heated  nearly  to  boiling,  and  2  £  Na^COs  run  in  gradually, 
stirring  until  all  the  iron  and  zinc  present  are  precipitated  as 
basic  carbonates,  and  the  solution  shows  a  distinct  alkaline  re- 
action. It  is  now  boiled,  allowed  to  settle,  the  clear  liquid 
filtered,  the  residue  washed  three  times  with  boiling  water  by 
decantaiion  combined  with  filtration,  the  precipitate  finally 
washed  on  the  paper  until  free  from  alkali,  dried  in  the  water 
oven,  scraped  into  a  weighed  platinum  crucible,  the  filter  paper 
ignited  in  usual  manner,  and  ash  added  to  main  portion.  The 
crucible  and  its  contents  are  now  heated  to  bright  redness  for 
ten  minutes,  cooled,  and  weighed.  The  increase  in  weight  = 
ZnO  +  Fe203.  Dissolve  the  mixed  oxides  in  about  5  cc.  of 
10  £  HCl,  wash  out  into  a  250  cc.  bulb  flask,  reduce  with  2  £ 

Na2S03,  and  estimate  the  amount  of  —    K2Cr207    taken  up 

by  the  reduced  iron  on  titration  by  the  process  given  on 
page  s^.  The  number  of  cc's  required  X  "0056  X  100  = 
percentage  of  iron  present  in  the  sample.  To  ascertain  the 
percentage  of  zinc  let 

ZnO  +  FesOa  =  X. 
FeaOa  =  Y. 
ZnO  =  Z. 
E 
Y  =   cc.   ID  K2Cr207  required  X  'OoS. 
Z  =  X-Y 
and  Z  X  '8026  X  100  ^  percentage  of  zinc. 

The  following  is  an  example  of  analytical  data  of  a  bad 
sample  of  brass,  by  the  foregoing  process  : — 
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Estimation  of  Lead. 

I  grm.  of  sample  taken. 

Porcelain  Crucible  matked  W        .        •        .        ,        •77159 

Do.  +  PbSOi 77336 

ff  9>        2nd  ignition 7733^ 


PbSOi      -0177 
•0177  X  6832  =  '01209264. 

'01209264  X  100  =1*21  per  cent.  Pb. 


Estimation  of  Copper 


Porcelain  Crucible  marked  V 
Do.  -f  CuO  +  F.Ash. 
„  ,,  f,      2nd  ignition 

f>     ij     »»  3*^   »»  • 


.  82226 

.  88626 

.  88623 

.  88623 


•6397 
F.A.   '0029 


•6368 
'6368  X  7985  X  100  =  50-85  per  cent.  Cu. 


Estimation  of  Zinc. 

Small  Platinum  Crucible 13*8316 

Do.    -|*ZnO-|*Fe203+ F.Ash         ....     14*4401 


»  i>  f» 


If  99  9}  9f 


„  2nd  ignition  .        .     I4'4385 

3rd        „       ,         .        .     144385 


•6069 
F.A.        '0029 


(X)    ZnO  +  FeaOa         6040 
(Y)  FciOa  (sec  be?ow)         -0496 


(Z)  ZnO  -5544 

'5544  X  '8026  X  100  =  44'49  P"  cent.  Zn. 

Estimation  of  Iron, 
The  -6042  grm.  ZnO  +  FcjOa  was  dissolved  in  10  E  HCl, 
and  the   Fe  estimated   therein  by  standard  —  K2Cr307    in 
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tb.e  usual  manner,  when  6*2  cc.  were  required  for  complete 

oxidation. 

E 
I  cc.  of  ~  K2Cr207  r=  '0056  gnii.  Fe, 

E 
1  cc.  of  r-  KaCroO?  =    '008    ,,      Fc^Oa 

6-2  X  'OoS  =:  -0496  grm.  FezOa. 
0-2  X  *oo5^  X  roo  :=  3-47  per  cent.  Fe. 

Summary. 

Per  rent. 
Lead     .        •        .        .         .        .       1*21 

Iron 347 

Copper 5084 

Zinc      ......  44*49 

Tin t  aces 

lOOOI 

When  a  sample  of  an  alloy  is  submiltcd  for  analysis,  and 
its  nature  unknown,  it  would  perhaps  be  wise  to  first  make 
a  careful  qualitative  analysis,  which  may  in  some  cases  modify 
the  modus  operandi  of  the  quantitative  analysis. 

The  following  table  gives  analyses  of  various  alloys,  which 
can  be  analysed  by  the  process  just  described. 


Tin. 

Copper. 

Iron. 

Zicr. 

Aich's  Metal 

60 

1-8 

3^'-i 

BeU  Metal 

22 

78 

— 

Brass,  B               ... 

:i-4 

— - 

286 

„    Common     , 

C66 

— 

334 

„     Yellow        . 

-_ 

<o 

— 

40 

„    Pin  Wire    . 

— 

(^l 

Z7 

Bronze  Coinage  . 

4 

95 

I 

,,      forBeaiingn     . 

16 

82 

— 

2 

i>      »i        »>             •         • 

17 

6 

— 

11 

„      „    Wheel  Boxes     . 

18 

fo 

2 

Dutch  Metal 

— 

846 

'54 

Sterio  Metal 

I'S 

58 

3-0 

37-5 

Speculum  Metal . 

33*4 

00-6 

Muntz  Metal 

60 

40 

Stopcocks  and  Pump  Valves 

10 

83 

'■    ■ 

2 
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WHITE  METALS  {method  for  analysis). 

The  following  alloys,  which  may  contain  tin,  antimony, 
lead,  copper,  iron  or  aluminium,  such  as  Britannia  metal. 
Babbit's  metal,  solder,  type  metal,  and  pewter  (triple  and  ley), 
may  be  analysed  by  the  process  here  described.  Weigh  out 
I  grm.  of  sample  in  fine  shavings  or  drillings  into  an  80  cc. 
low  and  wide  beaker,  add  14  cc.  8  E  HNO3,  heat  nearly  to 
boiling  on  a  hot  plate  until  all  tiiat  is  soluble  is  dissolved, 
evaporate  nearly  to  dryness  on  water  bath,  add  50  cc.  of  dis- 
tilled water  to  the  residue,  boil  until  all  that  is  soluble  is  dis- 
solved, allow  to  settle,  pour  off  the  clear  liquid  through  a  filter, 
add  20  cc.  hot  water  to  the  residue,  boil,  and  filter  off  as  before. 
Continue  this  treatment  three  times,  and  finally  filter  off  the 
precipitate  which  may  be  a  mixture  of  metastannic  acid  and  anti- 
monic  acid,  and  wash  with  hot  water  until  the  washings  scarcely 
redden  litmus  paper;  reserve  the  filtrate  (No.  i),  dry  the  preci- 
pitate in  the  water  oven,  brush  into  a  silver  crucible  of  about 
30  cc.  capacity,  ignite  filter  paper,  and  add  ash.  Now  add  to 
the  precipitate  8  times  its  bulk  of  pure  sodic  hydrate  (note  the 
weight  added),  fuse  over  a  Bunsen  for  a  quarter  of  an  hour, 
treat  the  fused  mass  with  water  containing  33  per  cent,  by 
volume  of  alcohol  until  all  that  is  soluble  is  dissolved,  transfer 
to  a  beaker  and  dilute  with  the  alcohol  solution  until  the 
strength  of  the  solution  becomes  E  with  the  quantity  of  sodic 
hydrate  taken.  It  is  now  allowed  to  stand  with  frequent  stir- 
ring for  twelve  hours.  The  stannate  of  soda  and  excess  of  sodic 
hydrate  are  now  in  solution,  while  the  antimoniate  of  soda  is 
precipitated.  Filter  off  and  wash  with  alcohol  (30  per  cent), 
and  finally  with  strong  alcohol.  Reserve  filtrate  (No.  2),  dis- 
solve the  precipitate  off  the  filter  with  25  cc.  2  E  HCl,  in 
which  there  are  previously  dissolved  4  grms.  of  tartaric  acid, 
and  collect  in  small  flask.  Dilute  to  100  cc,  fit  cork  into 
flask  into  which  are  fitted  two  tubes,  one  bent  at  right  angles 
and  going  to  the  bottom  of  the  flask,  and  the  other  bent  twice 
at  right  angles,  and  just  passing  through  the  cork.  Connect 
with  SH2  apparatus  and  dip  the  off-tube  bent  at  right  angles 
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into  a  small  beaker  of  distilled  water.   Fig.  30  speaks  for  itself 
with  regard  to  the  fittings. 

Pass  SHa  until  saturated,  applying  heat  gently  at  first  and 
finally  to  the  boiL  After  complete  precipitation  has  been 
insured,  allow  the  flask  to  stand  on  a  warm  plate  for  half  an 
hour  and  then  pass  COa  through  until  the  odour  of  SHa  is 
eliminated.  Filter  quickly,  wash  with  SH3  water,  dry  in 
water  oven,  scrape  off  the  antimonious  sulphide  into  a  small 
beaker,  ignite  the  filter,  and  add  ash.  Moisten  with  16  £  HNOs, 
gradually  add  5  cc.  of  22  £  HNOs,  heat  on  plate  until  oxida- 
tion is  complete,  pour  into  a  weighed  porcelain  crucible,  rinsing 
out  the  last  portions  of  precipitate  with  distilled  water  by  the 


Fio.  30. 

aid  of  a  wash  bottle,  evaporate  to  dryness,  and  gradually  ignite 
to  full  red  heat.  Cool  and  weigh  the  SbaO^  thus  produced, 
which  X  7922  X  100  =  percentage  of  antimony. 

The  filtrate  (No.  2)  containing  the  tin  is  evaporated  until 
all  alcohol  is  expelled.  Neutralize  with  10  £  HCl,  add  5  cc. 
in  excess,  dilute  to  100  cc,  saturate  with  SHj,  allow  to  stand 
in  a  warm  place  until  SH,  is  nearly  all  driven  off,  filter,  and 
wash  with  a  solution  containing  5  per  cent.  5  £  ammonic 
acetate  and  5  per  cent.  5  E  acetic  acid,  till  free  from  chlorides. 
Dry  in  water  oven,  scrape  precipitate  into  a  watch  glass,  ignite 
filter  in  a  weighed  crucible,  oxidize  ash  with  a  drop  of  22  £ 
HNO3,  and  ignite.  Now  add  main  portion  from  watch  glass, 
place  lid  on  crucible,  heat  gently  at  first,  then  take  lid  off  and 
increase  the  temperature  gradually  until  SOa  comes  off  freely  ; 
when  this  abates,  heat  strongly  over  the  blow-lamp  for  ten 
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minutes,  cool,  add  a  small  lump  ot  aromonic  carbonate,  and 
ignite  first  over  Bunsen  with  lid  on  tiU  Am2C08  has  all  gone 
off,  and  finally  over  the  blow-lamp  as  before.  Repeat  until  no 
further  loss  occurs.  Cool  and  weigh.  The  weight  of  the  SnOa 
thus  produced  x  '7867  x  100  =  percentage  of  tin  present. 

To  the  filtrate  (No.  i)  containing  the  lead,  copper,  &c., 
add  10  cc.  of  10  £  H2S04,  evaporate  to  dryness,  heat  up  on 
sand-bath  till  all  H3SO4  fumes  have  gone  off,  digest  with  30 
cc  of  £  H2SO4  until  all  that  is  soluble  is  dissolved  ;  filter  off 
PbSO*,  wash  with  £  H3SO4  till  free  from  any  copper,  remove 
filtrate,  wash  the  acid  out  of  filter  with  strong  alcohol,  dry, 
and  proceed  as  directed  on  page  93.  £vaporate  the  filtrate  to 
dryness,  dissolve  residue  in  50  cc.  £  HCl,  saturate  with  SHa, 
digest,  filter  off  CuS,  washing  quickly  with  SH3  water,  treat  and 
estimate  as  directed  on  page  93.  The  solution,  which  may 
contain  small  quantities  of  iron  and  aluminium,  is  boiled  to 
expel  SHa,  ^nd  evaporated  to  about  30  cc.,  with  addition  of  a 
few  crystals  of  KCIO3  to  convert  FeClj  into  FeaClj.  The 
solution  is  now  made  slightly  alkaline  with  20  E  Am  HO,  5 
cc.  5  £  AmCi  added,  and  boiled.  If  any  appreciable  quantity 
of  ferric  or  aluminic  hydrate  is  here  precipitated,  it  is  to  be 
filtered  off,  and  the  iron  and  aluminium  determined  therein  as 
directed  on  page  in.  SHa  may  be  passed  through  the  am- 
moniacal  filtrate,  and  any  Zn,  Ni,  Mn,  or  Co  will  be  precipitated 
if  present,  and  may  be  determined  by  the  methods  given  in  the 
analysis  of  copper  on  page  64. 

The  following  is  an  example  of  analytical  data  obtained  in 

the  analysis  of  a  sample  of  Babbit's  metal  by  the  above 

process : — 

Estimation  of  Tin. 

I  grm.  of  sample  taken. 

Porcelain  Crucible  marked  L .        .  .        .    7*1427 

Do.  +  SnOa  +  F.A 7*9273 

„  „  »    2nd  ignition     ....    7*9274 

•7847 
F.A.     .      -0029 

•7818 
•7818  X  7867  X  100  =  61*50  per  cent.  tin. 

K 
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Estimation  of  A^TIuoNY. 

PorceUin  crucible  marked  C  . 

Bo.  -I-  SbiOt  -|.  F.A 

„  „  „     2Dd  igaition 


F.A.  . 


7*0916 
7*2267 
7*2264 

•1348 
•001 7 


•133 1 


•1331  X  7922  X  100  ^  10*54  P^'  ^Dt*  antimony. 


Estimation  op  Lead. 

Porcelain  crucible  marked  Y  . 

Do.  +  PbS04  +  F.A 

'J,  9f  ,f      and  ignition 

PbSO*  +  F.A. 
F.A. 


•  7'8"S 

•  8*2005 

•  8*2003 
.      -3888 

'0010 


•3878 


'3878  X  '6832  X  100  =  26*49  per  cent.  lead. 


Estimation  op  Copper. 

Porcelain  crucible  marked  F  . 

Do.  +  CuO  +  F.A 

,»  „  „     and  ignition    . 

Cu  +  F.A. 
F.A. 

CuO 


.    6*7891 

•  68082 

•  68082 


•0191 

'OOIO 


•0181 


*0i8i  X  7985  X  ic)0=  1*45  percent,  copper. 


Summary. 

Per  cenU 

Tin 61*50 

I.ead         ••..••••    26*49 
Antimony         .        •        •        •        •       •        .10*54 

Copper 1*45 

Jion,  Zinc,  Aluminium,  &c traces 
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Analyses  of  a  few  White  Alloys. 


Antimony. 

Copper. 

Tin. 

Lead. 

Zinc. 

Britannia  Metal   . 

6-2 

1-8 

92 

Pewter,   Triple    . 

15'0 

— 

79 

6 

— 

L«y 

— 

80 

20 

— 

Solder,  Fine 

— 

— 

66-6 

33*4 

, ,       Common 

— 

.~- 

50 

66-6 

— 

,,       Coarse   . 

— 

— 

33-4 

— 

„       Brazing . 

50 

50 

Type  Metal . 

25 

— 

— 

75 

— 

»>        >»     • 

25 

25 

50 

~ 

TIN   PLATE. 

Estimation  of  Tin. — It  sometimes  happens,  that  a  know- 
ledge of  the  thickness  of  tin  on  a  tin  plate  is  required.  The 
following  method  has  been  proved  to  give  good  results: — 
Weigh  out  5  grms.  of  the  sample  in  chips  into  an  80  cc.  bulb 
flask  provided  with  a  cork,  into  which  passes  a  tube  with  a 
Bunsen  valve  attached,  add  53  cc.  of  5  £  HCl,  dissolve  (the 
object  of  dissolving  the  sample  out  of  contact  with  the  air,  is  to 
prevent  precipitation  ol  a  large  amount  of  sulphur  by  subsequent 
treatment  with  SH2,  if  the  iron  were  present  as  perchloride), 
pour  into  a  300  cc.  beaker,  dilute  to  250  cc,  add  13  cc.  of  10 
£  HCl,  saturate  with  SH2,  allow  to  stand  in  warm  place  for 
half  an  hour,  filter  off  SnS,  and  wash  with  SH2  water.  Dis- 
solve the  SnS  off  the  paper  with  12  cc.  of  hot  2  £  NatS  (in 
which  o*i  grm.  of  sulphur  is  previously  dissolved),  by  frequent 
percolation,  and  repeat  with  12  cc.  more.  The  solutions  are 
now  mixed,  diluted  to  100  cc.  neutralized  with  10  £  HCl, 
adding  5  cc  in  excess,  allowed  to  stand  in  warm  place  for  an 
hour,  and  the  stannic  sulphide  filtered  off  and  treated  as  de- 
scribed on  page  72,  in  order  to  separate  any  arsenic  sulphide 
that  may  be  present,  when  the  tin  may  be  determined  as 
oxide.  A  sample  of  tin  plate  gave  by  this  process  2*5  per  cent, 
of  tin. 
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WHITE  LEAD. 


Pure  white  lead  is  supposed  to  be  a  mixture  of  carbonate 
and  hydrate  of  lead,  but  often  it  is  mixed  with,  and  sometimes 
wholly  substituted  by,  such  substances  as  chalk,  ?uavy  spar 
(barium  sulphate),  gypsum,  withmte  (baric  carbonate),  zinc 
oxide,  kaolin,  &c.  For  paints  it  is  usually  previously  mixed 
with  oil  and  **  dryers,"  a  compound  which  may  contain  a  great 
number  of  substances,  often  of  doubtful  efficiency. 

Before  making  a  quantitative  analysis  of  a  sample,  it  is 

well  to  first  subject  it  to  a  careful  qualitative  analysis,  and 

if  not  pure,  to  determine  the  nature  and  quantity  of  the 

adulterants. 

Qualitative  Analysis. — ^Weigh    out    about  a  grm.  of   the 

sample,  add  20  cc.  of  8  £  HNOs,  heat  on  hot  plate  until 

all   that  is  soluble  is  dissolved,   suck  up   any  oil    floating 

on  the  surface  of  the    liquid  with  a  piece  of  blotting  or 

E 
filter  paper,  dilute  to  about  40  cc,  filter,  and  wash  with  — 

HNO3.  If  any  residue  is  present  it  may  consist  of  BaSOi, 
PbSOi,  SiOa,  &c. ;  pour  on  about  10  cc  of  hot  5  £  ammonic 
acetate,  pouring  it  through  several  times.  Any  PhSO^  is  thus 
dissolved  out,  which  will  give  a  yellow  precipitate  of  PbCr04, 
when  a  solution  of  E  KsCrOt  is  added  to  it  The  residue 
is  fused  with  four  times  its  weight  of  potassic  carbonate  and 
tested  in  the  usual  manner  for  acids  and  bases.  The  original 
nitric  acid  solution  is  diluted  to  about  150  cc,  and  conducted 
through  the  usual  groups  of  reagents.  If  there  is  no  insoluble 
residue  on  treatment  with  8  E  HNOa,  and  if,  after  the  lead  has 
been  separated  by  SH2  a  little  of  the  solution  leaves  no  residue 
on  evaporation  on  platinum  foil,  it  may  be  taken  for  granted 
that  there  would  not  be  much  present  in  the  way  of  the  usual 
adulterants. 

Method  for  Quantitative  Analysis, — We  wiD  assume  that  the 
qualitative  analysis  shows  the  following  to  be  present : — Oil, 
BaSOi,  BaCO„  CaCOa,  CaSOi,  PbCO,  and  Pb(HO)a.    Weigh 
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out  3  grms.  of  the  sample  into  a  two-ounce  stoppered  bottle, 
pour  on  20  cc.  of  methylated  ether,  tie  down  stopper,  heat  the 
bottle  and  its  contents  to  about  40^  C,  thoroughly  shake, 
and  allow  the  sediment  to  subside.  When  cool,  withdraw 
stopper  and  decant  the  clear  ethereal  solution  of  the  oil  through 
a  double  filter  into  a  weighed  flask.  Repeat  the  digestion  with 
ether  three  times,  finally  filtering  off  the  residue,  and  washing 
with  ether  until  free  from  oil. 

Distil  off  the  ether  by  putting  the  flask,  attached  to  a 
Liebig's  condenser,  into  a  beaker  of  hot  water,  and  weigh 
the  residual  oil.  The  residue  on  the  filter  is  dried  and 
brushed  into  a  flask,  and  the  CO2  determined  therein  by  the 
method  described  on  page  no,  using  8  E  HNOs  for  the 
decomposition  instead  of  HCl.  The  solution  from  this  deter- 
mination is  now  filtered,  and  the  residue,  which  will  consist 

E 
of  BaSOi  and  CaSO^,  is  washed  with  —  HNOs.  Reserve  solu- 
tion. The  residue  is  dried,  brushed  into  an  80  cc.  porcelain 
basin,  and  20  cc.  of  2  E  NaaCOs  poured  on  to  it  and  boiled  for 
about  an  hour,  keeping  up  the  original  bulk  with  hot  water;  the 
CaSOiis  thus  completely  decomposed,  insoluble  calcic  carbonate 
being  formed,  together  with  soluble  sulphate  of  soda.  The 
solution  is  diluted  to  50  cc.,  and  the  CaCOi  and  BaSO^ 
filtered  off.  Since  the  CaCOa  on  the  filter  is  the  equivalent 
of  the  CaS04  originally  present,  the  solution  may  be  rejected, 
the  CaSOi  being  deduced  from  the  amount  of  CaO  found  here- 
after. Percolate  20  cc.  of  hot  £  HCl  through  the  precipitate 
several  times,  wash  the  BaSOi  remaining  on  the  filter,  dry, 
determine  in  usual  manner.  Test  residue  for  PbSOi.  Dilute 
the  solution  to  about  30  cc,  add  5  cc.  5  £  AmCl,  5  cc.  of 
20  £  AmHO,  and  10  cc  of  £  ammonic  oxalate ;  stir  well, 
and  allow  the  calcic  oxalate  to  settle  for  a  few  hours  in  a  warm 
place,  after  which  it  is  to  be  filtered  off,  washed,  dried,  ignited 
gradually  to  a  bright  red  heat,  cooled,  and  the  resulting  CaO 
weighed.    £very  7  parts  of  CaO  equal  17  parts  of  CaSOi. 

The  reserved  nitric  acid  solution  containing  lead,  &c,  is  now 
evaporated  nearly  to  dryness,  a  cc  of  xo  £  HCl  added,  the 
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solution  diluted  to  150  cc  with  hot  water,  saturated  with  SHs, 
the  PbS  allowed  to  subside,  filtered  off,  washed  with  SH2 
water,  dissolved  off  the  filter  in  8  E  HNOs  and  precipitated  and 
determined  as  sulphate  as  directed  on  page  93.  The  filtrate  is 
made  alkaline  with  10  cc  of  20  E  Am  HO,  5  cc.  of  5  £  AmiS 
added,  and  then  allowed  to  stand  a  short  time  in  a  warm  place. 
Any  precipitate  that  may  be  formed  is  filtered  off  and  examined 
for  zinc,  iron,  &c.  The  filtrate  contains  the  barium  and  calcium 
originally  present  in  the  sample,  as  carbonates.  Add  to  the 
solution  10  cc.  of  5  £  AmsCOs,  allow  to  stand  some  time,  and 
filter  off  the  carbonate  of  Ca  and  Ba  through  a  weighed  filter. 
The  solution  might  be  tested  for  magnesia  by  adding  to  it  a 
solution  of  sodic  phosphate,  and  allowing  to  stand  twelve  hours. 
It  now  being  necessary  to  determine  the  proportion  of  CaCOj 
and  BaCOs  present  in  the  precipitate,  this  may  be  done  in- 
directly, since  there  is  such  a  wide  difference  in  the  atomic 
weights  of  Ba  and  Ca.  Dry  the  precipitate  and  weigh.  De- 
termine the  COj  present  by  the  method  employed  for  the 
estimation  of  total  CO3,  the  difference  between  these  two 
amounts  being  the  quantity  combined  as  carbonate  of  lead.  To 
calculate  the  amounts  of  BaCOs  and  CaCOs  from  the  data 
obtained — 

Let  X  =  weight  of  BaCOs  +  CaCOs  ; 
Y  =  CO2  found  ; 
Z  =  CaCOs  in  mixture. 

then 

COj    EqBaCOs 
44    :     197*2      :  :  Y  :  C  (BaCOs,  if  all  present  as  such). 

C  —  X  =  D  which  is  proportional  to  amoant  of  CaCOs  present. 

BaCOs  —  CaCOs  Ca.COs 

97-2  :     100      : :  D  :  =  Z  (CaCOs) 

and  X  —  Z  =:  BaCOs. 


PART  11. 

ORES,  LIMESTONES,  ETC. 


IRON  ORES. 


Method  for  Complete  Analysis. — The  ore,  having  been 
carefully  sampled,  is  quartered  and  powdered  moderately  fine, 
taking  care  that  the  last  portion  completely  passes  through 
the  smallest  sieve.  It  is  thoroughly  mixed  and  placed  in  a 
dry  stoppered  bottle. 

Estimation  of  Moisture  in  Ores  whioh  oontaia  no  CO, 
or  Organio  Matter. — Weigh  out  2  grms.  of  the  sample  in  a 
small  shallow  dish,  and  place  in  a  water  oven.  After  being  at 
100^  C.  for  two  hours,  it  is  placed  in  a  desiccator,  cooled  and 
weighed,  and  the  loss  noted ;  it  is  again  placed  in  water  oven 
for  half  an  hour  and  weighed.  If  no  further  loss  occurs,  all 
^  moisture  is  eliminated.     Loss  x  50  =  percentage  hygroscopic 

water. 

Estimation  of  Water  (free  and  combined)  in  Ores 
containing  CO2  and  Organio  Matter. — Weigh  out  3  grros. 
of  the  sample  into  a  bulb  tube,  Fig.  31,  a,  and  attach  to  a 
weighed  CaCla  tube,  c.  This  is  connected  with  the  cylinder,  d, 
containing  36  £  H3SO4,  which  serves  to  ascertain  the  rate  at 
which  the  air  comes  through,  and  to  absorb  any  moisture  that 
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may  be  given  off  from  e.  b  is  an  aspirator,  and  b  is  a  tube 
containing  CaCls,  which  dries  the  air  previous  to  its  passing 
through  A.  A  gentle  heat  is  at  first  applied  to  the  bulb,  and 
air  made  to  aspirate  through  gently,  and  the  heat  gradually 
increased  to  redness.  After  it  is  assured  that  all  moisture  is 
deposited  in  the  CaCU  tube  c,  it  is  detached  and  carefully 
weighed;  thje  increase  in  weight  is  the  total  water  free  and 
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combined  in  3  grms.  sample.  On  subtracting  the  amount  of 
free  moisture  obtained  as  above,  the  amount  of  combined 
water  is  obtained. 


Estimation  of  Total  Iron. — Weigh  out  i  grm.  of  the 
sample  into  an  80  cc.  beaker,  add  20  cc.  of  10  E  HCl^  and 
boil  gently  for  about  twenty  minutes,  or  until  no  further  action 
takes  place  ;  some  ores  are  completely  decomposable  by 
10  £  HCl,  leaving  a  white  insoluble  residue,  while  others  are 
very  difficult  to  act  upon.  In  any  case,  evaporate  to  complete 
dryness  and  heat  on  a  sand  bath  to  about  130^  C,  for  half 
an  hour,  to  render  silica  insoluble ;  cool,  and  boil  with  10  cc.  of 
10  £  HCl  until  all  that  is  soluble  is  dissolved  ;  dilute  to  50  cc, 
filter,  and'wash  insoluble  residue  with  hot  £  HCl  until  free  from 
FeoCl«  (testing  washings  with  KCyS).   Reserve  filtrate,  dry  the 
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residue  in  water  oven,  ignite  at  a  full  red  heat  in  a  weighed 
platinum  crucible,  cool,  and  weigh*  Increase  in  weight  x  100 
=  percentage  of  "  Insoluble  Residue."  Now  this  insoluble 
residue  invariably  contains  more  or  less  iron,  alumina,  &c., 
and  in  order  to  estimate  these  add  four  times  its  weight  of 
Fresenius'  flux  (NajCOa  +  KsCOa),  fuse  for  twenty  minutes  over 
the  blow  lamp,  cool,  treat  repeatedly  with  small  quantities  of 
boiling  water,  allow  to  settle,  filter  the  clear  liquid,  transfer  the 
bases  to  the  filter  with  the  aid  of  wash-bottle  and  feather,  and 
wash  till  free  from  alkali.  Reserve  the  filtrate  for  estimation 
of  silica.  The  bases  are  now  dissolved  off  the  paper  with  5 
cc.  of  8  £  HCl,  the  paper  washed  till  free  from  Fe2Cl«,  and  the 
solution  added  to  that  containing  the  main  portion  of  the  iron. 
To  the  mixed  solutions  are  now  added  a  few  crystals  of  KCIO, 
(to  ensure  perfect  peroxidation).  Boil  down  to  50  cc  Transfer 
to  a  250  cc.  bulb  flask  provided  with  a  Bunsen  valve,  reduce 
with  2  E  NaaSO,,  and  determine  the  iron  volumetrically,  as 
directed  on  page  49.  This  gives  the  total  iron,  i,e»  that  exist- 
ing as  peroxide  and  protoxide. 

Determination  of  the  Silica. — ^The  solution  reserved  from 
the  iron  estimation  for  the  determination  of  silica,  is  rendered 
neutral  with  10  £  HCl,  10  cc  added  in  excess,  evaporated  to 
dryness  on  the  water  bath,  and  then  heated  on  the  sand  bath 
at  about  130^  C,  to  render  silica  insoluble ;  10  cc.  of  5  £  HCl 
are  now  added,  then  boiled  for  about  ten  minutes,  diluted  to 
50  cc,  allowed  to  settle  in  a  warm  place,  the  clear  liquor 
decanted  through  a  filter  paper,  the  residue  boiled  up  with  50 
cc.  of  water,  and  the  whole  filtered.  The  silica,  which  should 
now  be  colourless,  is  washed  till  free  from  chlorides,  with  boiling 
water  (test  washings  with  AgNO,),  dried  in  water  oven,  trans- 
ferred to  weighed  crucible,  ignited  at  bright  red  heat,  cooled, 

and  weighed.      Increase  in  weight  X  100  =  percentage  of 
silica. 

[The  purity  of  the  silica  must  be  tested  by  evaporating 
with  HaSOi  and  hydrofluoric  acid,  and  igniting.    There  should 
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be  no  residue  left ;  if  there  is,  subtract    This  residue  will  be 
examined  in  another  portion  of  the  analysis.] 


Determination  of  the  Iron  existing  as  Ferrous  Oxide 
(FeO). — Many  iron  ores  contain  iron  in  two  degrees  of  oxida- 
tion :  the  sesquioxide  (FcaOs)  and  the  protoxide  (FeO).  The 
protoxide  may  exist  in  a  state  soluble  and  insoluble  in  HCl.  To 
determine  the  FeO  soluble  in  HCl,  select  a  loo  cc.  bulb  flask, 
into  which  a  rubber  cork  containing  a  tube  fitted  with  a  Bunsen 
valve  is  made  to  fit,  weigh  into  it  about  i  grm.  of  bicarbonate 
of  soda,  and  then  brush  in  i  grm.  of  sample  accurately  weighed. 
Now  add  12  cc.  of  10  E  HCl,  and  quickly  fit  in  cork ;  the  CO2 
given  ofif  by  the  decomposition  of  the  bicarbonate  thus  drives 
the  air  out  of  the  flask.  Apply  a  gentle  heat  until  the  acid  is 
in  a  state  of  incipient  ebullition,  which  is  continued  until  no 
further  action  is  observable ;  dilute  the  solution  to  200  cc, 
pour  into  a  250  cc.  beaker,  add  10  cc.  of  10  E  HCl,  and 

E 

titrate  the  solution  with  statidard  —  K«Crs07,  in  usual  man- 
ner. The  number  of  cc.'s  required  x  '0056  x  100  =  per- 
centage Fe  existing  as  soluble  FeO,  and  cc's  required  X  '0072 
X  100  =  percentage  soluble  FeO.  The  P'eO  existing  in  the 
insoluble  portion  is  determined  as  follows :  The  insoluble  resi- 
due in  the  above  solution  is  filtered  off  through  a  plug  of  asbestos 
felt,  free  from  iron,  and  washed  with  hot  water ;  it  is  dried  and 
transferred  with  the  felt  to  a  platinum  crucible  of  about  25  cc. 
capacity.  It  now  becomes  necessary  to  decompose  the  residue 
so  as  to  render  the  insoluble  FeO  soluble  in  HCl  without 
undergoing  peroxidation ;  to  adopt  this,  the  process  recom- 
mended by  Avery*  is  suitable.  The  crucible  and  its  contents 
are  placed  on  a  platinum  triangle,  fixed  over  a  hole  in  a  special 
bath,  Fig.  32,  and  10  cc.  of  10  E  HCl,  and  5  cc.  of  hydrofluoric 
acid  (HF),  poured  on.  It  will  be  observed  that  there  is  a 
groove,  G,  in  the  top  of  the  bath ;  this  is  partially  filled  with 
water ;  and  the  funnel,  f,  is  made  to  fit  into  it,  thus  forming  an 

*  Chemical  News^  zix.,  270. 
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air-tight  joint.  A  Bunsen  flame  is  put  under  the  bath  (which 
is  half  fill^  with  water) ;  meanwhile  a  current  of  coal-gas  is 
made  to  pass  through  the  tube,  /,  and  the  heat  continued  until 
the  residue  and  felt  are  completely  dissolved ;  after  which  it  is 
transferred  quickly  to  a  beaker,  diluted  to  200  cc,  10  cc  of 
10  £  HCl  added,  and  the  iron  present  in  the  ferrous  state, 
titrated  by  the  standard  K^CraOT,  as  before. 
To  ascertain  the  amount  of  peroxide  of  iron  (FetOs)  present 
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in  the  sample,  subtract  from  the  amount  of  standard  KtCftOf 
required  in  the  determination  of  total  iron,  the  amount  required 
for  oxidation  of  ferrous  iron  in  soluble  and  insoluble  portion. 
This  X  'ooS  X  100  =  the  percentage  of  FejO,  present. 


Bstimation  of  Carbonio  AoicL — Some  ores  of  iron  con« 
tain  a  rather  large  percentage  of  combined  C0«,  such  as  the 
spathic  ore,  blackband  ore,  &c.  If  a  preliminary  test  for  COi 
(made  by  warming  some  of  the  ore  with  8  £  HCl  in  a  test-tube 
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and  observing  if  there  is  any  effervescence)  gives  a  negative 
result,  of  course  the  quantitative  estimation  need  not  be  pro- 
ceeded with.  The  following  is  a  good  method  foi  its  determi- 
nation when  present.  Fig.  33  is  a  sketch  of  the  apparatus 
employed.  Weigh  out  3  grais.  of  the  sample  into  the  flask,  d, 
and  connect  in  the  manner  as  shown  below;  a  is  a  (Jtube 
containing  pieces  of  caustic  soda,  which  serve  to  absorb  COi 
of  the  air  that  is  made  to  pass  through  the  apparatus  by  means 
of  the  aspirator,  t ;  c  is  a  bulb  tube  containing  30  cc.  ol 
8  E  HCl,  which  is  prevented  from  flowing  out  by  means  of  a  clip 


at  B ;  e  are  bulbs  containing  a  little  36  E  HiSOi,  which  serves  to 
absorb  thegreat  bulk  of  moisture  coming  from  D  j  f  is  a  U-tube 
containing  in  the  first  limb  pieces  of  pumice-stone,  which  have 
been  soaked  in  a  concentrated  solution  of  copper  sulphate, 
dried,  and  ignited  ;  this  serves  to  absorb  any  HCl  that  comes 
over ;  the  second  limb  contains  pieces  of  calcium  chloride ; 
Gis  a  weighed  U-tube  containing  in  the  flrst  three  quarters, 
small  pieces  of  caustic  potash }  and  the  remaining  quarter, 
pieces  of  CaCl»  This  tube  absorbs  Che  CO]  liberated,  which 
is  to  be  weighed  before  and  after  experiment ;  h  is  a  tube 
containing  pieces  of  CaCU  which  serve  to  absorb  any  moisture 
from  air  that  may  tend  to  come  into  c  ftom  1,    When  all  ia 
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fixed,  and  the  tube,  g,  accurately  weighed,  open  the  clip  and 
allow  the  acid  to  run  on  to  the  ore  in  d  ;  after  which  open  the 
tap,  K,  and  allow  a  gentle  stream  of  water  to  flow  out ;  a  cur- 
rent of  air  thus  passes  through  the  apparatus  and  sweeps  the 
COa  out  of  D,  which  is  absorbed  in  the  (J -tube,  g.  Continue 
the  aspiration  in  the  cold  until  no  more  effervescence  is  observed, 
and  then  apply  a  gentle  heat  to  the  flask,  d  ;  continue  heating 
to  incipient  ebullition  until  it  is  assured  that  all  CO3  is  elimi- 
nated, when  the  tube,  g,  is  detached  and  weighed.  The  increase 

in  weight,   X  —  is  the  percentage  of  combined  CO2  present. 


Determination  of  Alumina,  Manganese  Oxide,  Lime, 
Magnesia,  Potasli,  and  Soda. — ^Weighout  2  grms.  of  sample 
and  heat  with  a  mixture  of  20  cc.  of  10  £  H  CI  and  6  cc.  of  16  £ 
HNOa,  until  all  action  has  ceased,  which  may  take  about  half 
an  hour.  Evaporate  the  solution  to  dryness  and  heat  on  sand- 
bath  to  about  130°  C,  for  about  half  an  hour.  Cool,  add 
10  cc.  of  10  £  HCl,  and  heat  until  all  that  is  soluble  is  dis- 
solved. Dilute  solution  to  50  cc,  filter,  and  wash  with 
hot  iV  E  HCl  until  free  from  FcgCle,  &c.  The  residue  (i)  is 
reserved.  The  solution  is  diluted  to  200  cc.  and  5  £.Am8COs 
gradually  added,  stirring,  until  a  slight  permanent  precipitate  is 
produced.  2  cc.  of  10  £  HCl  are  now  added  together  with 
25  cc.  of  5  £  ammonic  acetate  solution,  the  solution  diluted 
to  800  cc,  boiled  for  about  ten  minutes,  filtered,  and  washed 
with  hot  water.  Reserve  solution,  dry  the  precipitate  in  a 
water  oven,  scrape  into  a  weighed  platinum  crucible,  ignite, 
cool,  and  weigh ;  the  residue  may  contain  FcjOs  +  AI2O3  -f 
PjOs  (TiOj).  Deduct  from  this  weight  the  amount  of  Fe208 
and  PaOs  present  in  2  grms.  of  sample,  as  determined  by  the 
methods  herein  described,  and  the  remainder  x  50  =  per- 
centage of  alumma  in  soluble  portion.  There  may  be  some 
TiOa  present  in  the  residue ;  this  should  be  tested  for,  and 
determined  by,  the  method  described  on  page  53,  if  any  be 
present  it  is  deducted,  with  the  addition  of  the  FeaOs  +  PsOe 
already  found,  from  the  amount  of  residue,  the  remainder 
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being  the  alumina.  The  filtrate  is  now  poured  in  a  li  litre 
flask,  diluted  to  i  litre,  3  cc.  of  bromine  added,  stirred  until 
all  has  gone  into  solution,  20  cc.  of  20  £  AmHO  added,  the 
solution  heated  to  the  boil,  the  hydrate  of  manganese  filtered 
off,  washed,  and  estimated  as  directed  on  page  40.  Evaporate 
the  solution  to  about  100  cc.,  add  5  cc.  of  5  £  AmCl,  5  cc  of 
20  E  AmHO,  and  10  cc.  of  £  ammonic  oxalate  solution,  stir 
well,  and  allow  to  stand  for  about  ten  hours.  Filter  off  the 
oxalate  of  lime,  wash  with  water  till  free  from  ammoniacal  salts, 
dry,  and  ignite  gradually  in  a  weighed  crucible,  to  the  highest 
heat  of  the  blow-lamp.  Cool  and  weigh  the  residue,  which  is 
now  lime.  (CaO)  x  50  =  percentage  of  lime.  The  solution 
containing  the  magnesia  and  alkalies  is  evaporated  to  dryness 
in  a  platinum  dish,  and  the  residue  carefully  ignited  until  no 
more  fumes  of  ammoniacal  salts  are  given  off.  Cool,  add  5 
cc.  of  water,  brush  in  about  i  grm.  of  oxalic  acid,  evaporate  to 
dryness  as  before,  and  ignite.  The  alkalies  are  now  left  as 
carbonates,  and  the  magnesic  chloride  is  converted  into 
magnesia  (MgO).  Treat  the  residue  with  about  20  cc.  of  hot 
water,  filter  off  magnesia,  wash  with  water,  dry,  ignite,  and 
weigh;  this  weight  x  50  =  percentage  of  magnesia  (MgO). 

The  solution  is  transferred  to  a  weighed  platinum  dish,  and 
the  solution  made  acid  with  10  £  HCl,  evaporated  to  dryness 
without  loss,  and  the  residue  carefully  heated  to  a  dull  red 
heat  for  ten  minutes.  Transfer  to  desiccator  to  cool,  and  weigh 
the  NaCl  +  KCl.  Add  5  cc.  of  water  to  the  residue,  and 
then  sufiicient  £  PtCU  to  convert  the  sodic  and  potassic 
chlorides  into  double  chlorides  of  the  alkalies  and  platinum. 
Assuming  that  the  whole  of  the  residue  is  NaCl,  a  calculation 
of  the  quantity  required  can  be  made.  Thus  every  117  parts 
of  NaCl  require  33638  parts  of  PtCl*,  forming  PtCl*,  2NaCl, 
I  cc.  of  £  PtCU  solution  contains  '0841  grm.  of  PtCl4.  The 
mixture  is  evaporated  (at  a  temperature  of  about  90^  C.)  nearly 
to  dryness  over  a  water  bath ;  after  which  about  15  cc.  of  alco- 
hol, sp.  gr.  *86,  are  added,  the  dish  covered  with  a  glass  plate, 
and  allowed  to  stand  for  three  hours,  with  occasional  rotatory 
stirring  of  the  contents ;  allow  to  settle  before  filtering,  decant 
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the  clear  liquid  through  a  weighed  filter,  and  finally  filter  off 
the  double  chloride  of  potassium  and  platinum,  with  the  aid 
of  the  filtrate  and  a  feather.  Wash  with  alcohol  until  free 
from  the  PtCU  2  NaCl ;  dry  at  130°  C,  cool  with  the  usual 
precautions,  and  weigh. 

Calculation  of  the  proportion  of  NasO  and  K^O  present : — 
PtCl4,2KCl  X  -3070  =  KCl,  and  KCl  x  -6317  X  S©  =  per- 
centage of  K4O.  Subtract  the  weight  of  KCl  thus  calculated 
from  the  weight  of  the  NaCl  +  KCl  previously  found.  The 
remainder  x  '5302  x  50  =  the  percentage  of  NasO  present. 

The  reserved  residue  (i)  is  dried,  brushed  into  a  platinum 
crucible,  8  cc.  of  10  £  HCl  and  4  cc.  of  HF  added,  the 
solution  evaporated  to  dryness,  the  same  quantities  again 
added,  and  evaporated  as  before.  Take  up  the  residue  in 
about  8  cc.  of  10  E  HCl,  allowing  to  gently  boil  until  all 
that  is  soluble  is  dissolved.  Dilute  to  30  cc,  and  filter  if  neces- 
sary. The  residue,  if  any,  must  be  examined  for  titanic  acid, 
sulphate  of  barium,  &c.  The  solution  is  then  tested  for  AI2O3, 
FcaOa  (TiO,),  CaO,  MnO,  &c.,  which  are  estimated,  if  present 
in  sufficient  quantities,  by  the  foregoing  methods,  taking  care 
to  keep  the  volume  ot  the  solutions  in  proportion  to  amounts 
thought  to  be  present ;  and  the  result  added  to  those  already 
found  in  the  soluble  portion. 

Estimation  of  Titanic  Aoid  (TiOa)  in  Titaniferons 
Iron  Ores. — ^The  following  process  is  recommended  by  VV. 
Bettel.'*'  Weigh  out  0*5  grm.  of  the  powdered  sample  into  a 
platinum  crucible,  mix  with  6  grms.  of  powdered  and  re- 
cently-fiised  bisulphate  of  potassium,  and  keep  in  a  steady 
fusion  for  about  twenty  minutes.  Allow  to  cool,  digest  for 
a  few  hours  in  about  180  cc.  of  distilled  water,  and  filter  off  any 
silica.  Dilute  the  solution  to  about  1,200  cc,and  add  4  E  sul- 
phurous acid  (HaSOs),  until  all  the  iron  is  reduced,  and  boil  for 
about  six  hours,  replacing  the  water  as  it  evaporates.  The  pre- 
cipitated titanic  acid  is  now  allowed  to  settle,  the  superna- 
tant liquid  decanted  through  a  filter,  and  the  residue  washed 

•  Crookes*  "  Select  Methods,"  p.  194. 
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by  decantation  and  filtration  with  —  H3SO4 :  after  which  it  is 

^  20  ' 

dried,  ignited,  allowed  to  cool,  moistened  with  5  E  Am2C08, 
re-ignited,  cooled,  and  weighed.  When  only  very  small  quan- 
tities of  titanic  acid  are  present,  as  in  the  case  of  some  iron 
ores,  a  process  similar  to  that  described  for  the  determination 
of  titanium  in  iron  must  be  adopted. 

Estiinatlon  of  Fhosphorie  Aoid  (P206)  and  Sulphurie 
Aoid  (SOa)* — Weigh  out  10  grms.  of  the  ore  into  a  250  cc. 
porcelain  dish,  pour  on  a  mixture  of  45  cc.  of  10  E  HCl  and  25 
cc.  of  16  £  HNO3,  boil  until  it  is  assured  that  all  action  has 
ceased,  evaporate  to  dryness,  heat  on  sand  bath,  cool,  re-dissolve 
in  50  cc  of  10  E  HCl,  dilute  to  100  cc.,  filter  to  about  200''  C. 
off,  wash  the  insoluble  residue  with  iV  E  HCl  until  free  from 
FesCle,  pour  the  filtrate  into  a  250  cc.  graduated  test  mixer, 
and  dilute  to  200  cc.  Divide  the  solution  in  half,  pouring  each 
100  cc.  into  beakers  of  about  150  cc.  capacity.  To  the  one 
add  20  cc.  of  16  £  HNOs,  evaporate  to  the  consistency  of 
syrup  on  water  bath,  dissolve  in  14  cc  of  10  £  HNOs,  dilute 
to  35  cc,  add  40  cc  of  ammonic  molybdate  reagent,  stir  well, 
allow  to  stand  at  40^  C.  for  three  hours,  filter,  and  deter- 
mine as  directed  on  page  39.  The  other  100  cc  are  nearly 
neutralized  with  5  £  AmHO,  heated  to  boiling,  10  cc  of 
£  BaCU  added,  allowed  to  stand  for  twelve  hours,  and  the 
sulphur  determined  as  directed  on  page  38. 

The  above  methods  are  applicable  only  to  those  iron  ores 
which  are  mostly  smelted  in  this  country.  For  the  analysis  of 
iron  ores  containing  arsenic,  vanadium,  copper,  pyrites,  &c, 
special  treatises  must  be  consulted. 

The  following  is  a  table  of  analyses  of  various  iron  ores, 
used  for  the  extraction  of  the  metal  : — * 

*  Thoipe,  '*  Chemical  Analysis,"  p.  216. 
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Magnetic 

Ore. 

Dannemora. 

Red 

Hematite. 
Ulverstone. 

Brown 

Hematite. 

Dean  Forest. 

Spathic  Ore. 
Westphalia. 

Blackband 

Ore. 
Scotland. 

Clay 

Iron  Stone. 

Dudley. 

Ferric  Oxide 

7023 

9423 

9005 

275 

2-72 

0.40 

Ferrous  Oxide 

29-65 

48-12 

4077 

45-86 

Manganous  Oxide 

— 

023 

0-88 

0-83 

0-96 

Alamina 

063 

0-14 

1-63 

^^^ 

5-86 

Lime    . 

005 

006 

175 

0-90 

1*37 

Magnesia 

trace 

0-20 

2*29 

072 

1-85 

Silica  . 

4-90 

092 

1-62 

lo-io 

10-88 

Carbonic  Acid 

— 

39-92 

26-41 

3 1  02 

Phosphoric  Acid  . 
Sulphuric  Acid 

- — 

trace 

0-09 

054 

->- 

0-21 

0-09 ) 

traces 

— 

trace 

Iron  Pyrites 

— 

003) 

0-22 

o-io 

Water . 

— 

056 

9*22 

045 

I -00 

I  08 

Organic  Matter    . 

— 

039 

17-38 

100-00 

o-go 

99-88 

10072 

10076 

100  51 

100-29 

MANGANIFEROUS  IRON   ORES. 

Estimation  of  Manganese. — The  value  of  these  ores, 
largely  used  in  the  manufacture  of  spiegeleisen,  depends  on 
the  proportion  of  manganese  present.  There  are  more  difficulties 
in  determining  the  manganese,  than  in  ordinary  iron  ores,  owing 
to  the  presence  of  baryta,  zinc  oxide,  &c.  The  method 
adopted  by  Riley  is  as  follows : — i  grm.  of  the  dried  ore  is 
heated  with  20  cc.  of  10  E  HCl  until  all  that  is  soluble  is 
dissolved.    Dilute  to  50  cc,  filter  off  the  insoluble  residue, 

E 

wash  with  —  HCl  till  free  from  soluble   matter,  dilute  the 
10 

filtrate  to  300  cc,  heat  to  boiling,  add  5  cc  of  5  E  HjSOi, 
stir  well,  allow  to  stand  for  four  hours,  and  filter  off  any 
BaSO^.  Dilute  to  1,000  cc,  add  5  E  Am2C03  gradually^ 
until  a  slight  but  permanent  precipitate  is  produced ;  dissolve 
this  in  3  cc  of  10  EHCl,  add  20  cc.  of  5  E  ammonic  acetate, 
boil  for  ten  minutes,  filter,  dissolve  the  unwashed  precipitate, 

L 
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which  may  contain  some  manganese,  in  lo  cc.  of  lo  £  HCl, 
re-precipitate  the  iron  as  basic  acetate  as  before,  with  AmaCOs 
and  AroC2HsOs  and  filter.  Mix  the  filtrate,  evaporate  down 
to  1,200  cc,  add  3  cc.  of  bromine,  precipitate  the  manganese 
as  Mn(HO)2  with  20  £  AmHO,  and  estimate  as  directed  on 
page  40.  The  ignited  MnsOi  should  always  be  examined  for 
impurities,  such  as  baryta,  zinc  oxide,  and  lime. 

Analysis  of  Limestones,  Boiler  Incrustations,  and 
Silioeous  Substances. — Weigh  out  i  grm.  of  sample, 
and  dry  in  a  platinum  crucible  of  30  cc.  capacity  at  100^  C. 
until  no  furthur  loss  occurs.  Loss  =  free  moisture.  Add  4 
grms.  of  white  flux  {KjCOa  +  NaaCOj),  fuse  over  blow-lamp 
for  ten  minutes,  allow  to  cool,  put  the  crucible  and  its  con- 
tents into  a  200  cc.  beaker,  pour  on  about  80  cc.  of  hot  dis- 
tilled water,  and  stir  with  a  glass  rod  until  the  fused  mass  is 
detached  from  the  crucible ;  lid  the  crucible  out  of  the  liquid 
with  a  pair  of  bono  forceps,  and  wash  it  with  hot  water. 
The  solution  is  now  boiled,  the  precipitate  allowed  to 
settle,  the  clear  liquid  decanted  through  a  filter,  50  ca  of  hot 
water  poured  on  the  residue,  boiled,  and  filtered  as  before ; 
this  operation  is  continued  until  the  washings  scarcely  turn 
red  litmus  paper  blue.  The  precipitate  then  is  filtered  off 
and  washed  completely  with  boiling  water  on  the  filter.  The 
solution  is  acidulated  with  10  E  HCl,  evaporated  to  dryness 
on  a  sand  bath,  cooled,  50  cc.  of  £  HCl  poured  on  to  the 
residue  and  heated  until  all  that  is  soluble  is  dissolved*  It 
is  then  filtered,  the  insoluble  residue  washed  till  free  from 
chlorides,  the  solution  diluted  to  zoo  cc,  heated  to  boiling, 
£  BaClz  added  until  no  further  precipitation  takes  place, 
allowed  to  stand  twelve  hours,  and  the  BaS04  filtered  off  and 
estimated.  The  silica  is  dried,  ignited  in  a  weighed  platinum 
crucible,  cooled  and  weighed.  It  should  be  tested  for  im- 
purities, such  as  TiOj,  AUOa,  &c,  by  evaporation  with  HaSOi 
and  HF,  and  if  any  residue  is  left  it  is  to  be  examined  and 
taken  into  account.  The  bases  left  on  the  filter,  which  may 
contain  CaO,  MgO,  FcaO,,  AlsO*,  are  dissolved  off  with  about 
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10  cc.  of  lo  £  HCl,  with  addition  of  a  few  crystals  of  KClOa, 
the  filter  is  washed  with  water,  5  cc.  of  5  £  AmCl  added 
and  the  solution  diluted  to  100  cc.  20  £  Am  HO  is  now 
added  until  the  solution  is  just  alkaline,  boiled,  and  the  FesOs 
and  AUO3  filtered  off  and  determined  by  the  method  given  on 
page  89.  £  ammonic  oxalate  is  now  added  to  the  filtrate 
until  no  further  precipitation  takes  place,  stirred,  the  calcic 
oxalate  allowed  to  subside,  after  which  it  is  filtered  off,  and 
the  CaO  estimated  as  directed  on  page  112.  £  sodic  phos- 
phate is  added  to  the  filtrate  until  no  further  precipitation 
takes  place  (if  there  be  no  immediate  precipitate  about 
10  cc  will  be  found  sufficient),  allowed  to  stand  at  least 
twelve  hours,  the  ammonio-magnesic  phosphate  filtered  off,  the 
MgO  determined  as  described  on  page  204,  the  potash  and 
soda  may  be  estimated  as  described  on  page  1x2,  and  the  CO3 
estimated  as  described  on  page  no. 

The  composition  of  a  boiler  incrustation  will  depend  upon 
the  heat  that  it  has  been  subjected  to.  That  part  which  is  nearest 
the  iron  and  the  heat  will  contain  less  carbonic  acid  than  that 
on  the  surface,  owing  to  its  being  driven  off  by  the  heat  from  the 
carbonate  of  lime  and  magnesia  present,  with  the  formation 
of  caustic  lime  and  magnesia,  which  eventually  become  con- 
verted into  hydrates  as  the  boiler  cools  down.  In  order  to 
determine  the  combined  water,  about  i  grm.  is  ignited  over  a 
blow-lamp  until  it  ceases  to  lose  weight.  By  this  means  the  com- 
bined water  and  carbonic  acid  and  free  moisture  are  driven  off, 
and  by  subtracting  the  amount  of  carbonic  acid  and  free  mois- 
ture from  the  loss,  as  found  in  another  portion,  the  proportion 
of  combined  water  is  obtained. 

The  following  is  an  analysis  of  a  boiler  scale  by  the  above 
process  by  Stillman  : — 

Per  cent. 
SiUca  and  Clay  •       •  •    11*70 

Ferric  Oxide  and  Alumina         .        •        .        .      3'.Si 

Sulphate  of  Lime 1*69 

Carbonate  of  Lime 5*45 

Carried  over 2r'6s 


ii8 
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Per  cent. 
21.65 

.     I3'70 

.    56-37 
0-69 

0-20 

9997 

By  a  slight  modification  many  other  substances  can  be 
analysed  by  the  above  process,  such  as  clays,  fire-bricks,  fur- 
nace slags,  &c. 


Brought  forward 
Carbonate  of  Magne  lia 
Calcium  Hydrate  (CaO,  H20)    . 
Magnesium  Hydrate  (MgOH20) 
Moisture  driven  off  at  100^  C.    . 
Undetermined  .... 


Analyses  of  Siliceous  Materials. 


Gle&boig 
Firebrick. 

Newcastle 

Dowlais 

Sheffield 

Firebrick. 

Firebrick. 

Ganister. 

Sflica     . 

.     62*10 

58-00 

975 

89*04 

Alumina 

.     3310 

3650 

1-4 

5*44 

Ferric  Oiide  . 

.      3-00 

1-67 

055 

265 

Lime 

0*90 

0*50 

CIS 

031 

Magnesia 

trace 

090 

0*10 

o-'i7 

Potash 

0*90 

2*12 

— 

— 

Soda 

,       -~- 

•30 

— 

— 

Loss  on  Ignition 

— 

— 

230 

100*00 


99-99 


9970 


99*91 


Analyses  of  Vamous  Clays  (Dr.  Miller). 


Washed  Kaolin. 

Stour- 

bridfi'e 

Fire 

Clay. 

Pipe 
Clay. 

Sandy 
Clay. 

Blue 
Clay. 

Brick 
Clay. 

Chinese 

St. 

Yrieix. 

Cornish. 

Silica 

Alumina     . 
Fenic  Oxide 
Lime 

Magnesia  . 
Potash  and  Soda 
Water 

50-5 

337 
1-8 

0-8 
1*9 

ri-2 

48-37 

34-95 
1-26 

trace 

2  40 

12  62 

46-32 

39-74 
0*27 

0*36 

044 

}  12-67 

64*10 
23-15 

1-85 
0-95 

lO'OO 

53-66 
3200 

1-35 
0*40 
trace 

1 2  08 

66-68 

2608 

1*26 

084 

tiace 

5-14 

4638 

3804 

1*04 

1*20 

trace 
13-57 

49-44 
34-26 

774 
1-48 

5-'4 
1-94 

99'9    99-60 

99*8o 

100-05 

99*49 

100*00 

100-23 

100 -oo 
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Average  Analysis  of  Blast  Furnace  Slag.    (Thorpe) 

Silica 41*^5 

Alumina i4'73 

Ferrous  Oxide 2*63 

Manganous  Oxide        .  .1*24 

Lime   .......  30.99 

Magnesia 4*76 

Potash 1*90 

Calcium 1*15 

Sulphur 0*92 

Phosphoric  Acid 0*15 

100*32 


A  Good  Mixture  for  Lining  a  «  Basic  "  Bsssembr  Converter. 


Magnesia 

Lime  .... 
Silica  .... 
Alumina  and  Oxide  of  Iron 


37 

8 
4 


100 


Analyses  of  Mill-Furnace  Slags. 


Feriic  oxide 
Ferrous  oxide 
Manganous  oxide 
Alumina 
Lime    . 
Magnesia 
Silica    . 
Sulphur 
Ferrous  sulphide 
Phosphoric  acid 
Copper      .     . 


Iron,  per  cent. 


Dowlais. 


Riley. 


6601 
0*19 
2-47 
081 
0*27 

2871 
o-ii 

1-22 

trace 


9979 


5 '34 


Wasseral- 
fingen. 


Kammels- 
bergr. 


8-49 
5536 


036 

trace 

3400 


98-21 


490 


Sweden. 


Dugent. 


6583 
074 

trace 
33*47 


100*04 


51-20 


Noad. 


5-00 
52-50 

9*60 


32-00 
1-95 
0-25 


101-30 


45*34 


PART  III. 

FUELS— SOLID,  LIQUID,  AND  GASEOUS. 

At  a  time  when  fuel  has  become  such  an  expensive  commodity, 
the  consideration  of  its  quality,  heating  power,  and  economic 
application,  becomes  a  matter  of  great  importance  to  engineers 
and  steam  users  in  general. 

Fuel  in  the  unrestricted  sense  embraces  all  substances  capable 
of  burning  in  the  air,  with  the  production  of  heat.  The  amount 
of  heat  given  out,  however,  varies  enormously  with  the  kind 
and  chemical  composition  of  the  substance  used.  The  sub- 
stances usually  regarded  as  fuel  have  generally  a  pure  organic 
or  vegetable  origin,  and  include  all  kinds  of  coal,  peat,  turf, 
wood,  coke,  charcoal,  patent  fuels,  &c. ;  and  also  combustible 
gases,  liquid  fuel  (hydrocarbons,  &c.).  Now  all  these  fuels 
mainly  consist  of  more  or  less  carbon  and  hydrogen,  which  are 
the  essential  heat-producing  elements,  together  with  oxygen, 
nitrogen,  sulphur,  phosphorus,  and  ash.  The  more  organic 
oxygen  that  is  present  in  a  fuel  the  less  heat  will  be  given  out, 
owing  to  its  already  being  in  chemical  combination  with  carbon 
or  hydrogen.  Sulphur  and  phosphorus  are  very  undesirable 
elements  in  fuel,  especially  when  the  fuel  is  used  for  such 
metallurgical  operations  as  iron  smelting.  Generally  speaking 
the  more  ash  a  fuel  contains  the  less  will  be  its  calorific  value, 
and  more  inconvenience  and  loss  of  heat  will  be  brought  about 
by  the  formation  of  "  clinkers,"  &c.  Where  enormous  quanti- 
ties of  fuel  are  used,  such  as  on  railways,  steamboats,  iron- 
Works,  &c.,  the  quality,  it  will  be  seen  at  once,  becomes  an 
important  question,  especially  now  $ince  such  a  high  price  has 
to  be  paid  for  it. 

In  determining  the  value  of  a  solid  fuel  such  as  coal,  coke, 
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and  patent  fuel,  it  is  necessary  to  estimate  the  amount  of  mois- 
ture,  volatile  matter/coke  and  its  quality,  sulphur,  the  amount 
of  ash  left  on  the  incineration  of  sample,  together  with  the 
calorific  and  evaporating  power  ascertained — (i)  Theoretically, 
from  a  knowledge  of  the  percentage  of  hydrogen,  carbon,  and 
oxygen  found  to  be  present,  by  an  elementary  organic  analy- 
sis of  the  substance ;  or  (2)  Practically,  by  igniting  a  known 
weight  in  a  calorimeter  in  oxygen,  and  ascertaining  the  amount 
of  ice  that  has  been  melted,  or  observing  the  increase  in 
temperature  of  a  known  weight  of  water ;  or  (3)  By  ascertain- 
ing the  amount  of  lead  reduced  from  its  oxide,  by  a  known 
weight  of  the  sample.  This  last  method,  however,  is  not  often 
adopted  for  calorific  power,  the  amount  of  lead  reduced  being 
a  measure  of  the  reducing  power  of  a  sample,  rather  than  the 
amount  of  heat  that  it  is  capable  of  evolving. 

The  calorific  and  evaporating  power  of  fuels,  estimated  by 
the  foregoing  methods,  must  only  be  taken  relatively.  The 
actual  highest  practical  value  of  any  fuel  would  depend  very 
materially  upon  the  kind  of  furnace  used,  and  the  regulation 
of  an  appropriate  influx  of  air,  so  as  to  insure  complete  com- 
bustion. The  heat  carried  up  the  flues  by  the  products  of 
combustion  should,  if  possible,  be  reduced  to  a  minimum,  so 
as  to  obtain  the  most  economic  results. 

Liquid  fuels  are  now  coming  to  the  front,  and,  judging  from 
recent  experiments  made  on  locomotives  in  South  Russia, 
where  petroleum  is  plentiful  and  cheap,  and  coal  comparatively 
dear,  they  seem  to  have  the  advantage  over  coal.  The  experi- 
ments made  in  this  country,  notably  on  the  Great  Eastern 
Railway,  with  liquid  fuel  on  locomotives,  and  also  on  steam- 
boats, have  given  very  encouraging  results,  the  great  difficulty, 
however,  to  contend  with,  being  a  scarcity  of  oils  at  a  price  that 
would  favourably  compete  with  coal ;  and,  moreover,  even  if  a 
good  supply  of  liquid  fuel  were  available,  the  chances  are  that 
its  market  value  would  soon  be  risen  considerably  higher  than 
the  price  that  could  be  afforded  to  be  given  for  it.  The  specific 
gravity,  flashing  point,  and  the  calorific  power  obtained  prac- 
tically by  slightly  modifying  the  process  as  used  in  the  case  of 
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coals,  or  by  calculating  it  theoretically  from  the  percentage  of 
carbon  and  hydrogen  found  to  be  present,  would  be  valuable 
data  for  guidance  as  to  their  selection.  Sulphur,  generally 
speakir  g,  is  present  in  so  small  a  quantity  as  to  be  not  worth 
consideration. 

With  regard  to  gaseous  fuel,  the  principal  heat-giving  con- 
stituents usually  present  are  hydrogen,  gaseous  hydrocarbons 
(marsh  gas,  olefiant  gas,  &c.),  and  carbonic  oxide.  The  deter- 
mination of  these,  and  the  calculation  of  their  respective 
calorific  values  on  combustion,  would  convey  an  estimate  of 
their  efficiency  for  heating  purposes. 

Estimation  of  Moisture  and  Ash  (Solid  Fuels). — 
Weigh  out  3  grms.  of  the  fairly  averaged  powdered  sample  in 
a  shallow  platinum  dish,  dry  in  an  air  bath  regulated  to 
105®  C.  for  one  hour,  allow  to  cool  in  a  good  desiccator,  and 
weigh ;  the  loss  is  taken  as  moistuTe. 

Coal  and  cokes  should  not  be  allowed  to  dry  for  more  than 
one  hour,  otherwise  the  result  obtained  for  moisture  will  be 
too  low,  owing  to  the  oxidation  by  the  air  of  the  pyrites  present 

The  dish  with  the  dried  sample,  is  now  cautiously  heated 
to  redness  in  a  muffle,  until  it  is  seen  that  all  carbonaceous 
matter  has  been  burnt  off,  and  then  allowed  to  cool  in  the  desic- 
cator and  weighed.  It  is  once  more  heated  in  a  muffle  for  about 
five  minutes,  and  again  cooled  and  weighed.  If  the  weight  is 
unaltered  from  that  of  the  last  weighing,  the  increase  in  weight 
over  the  dish,  is  the  amount  of  ash  left  by  3  grms.  of  sample, 
which  can  easily  be  expressed  centesimally.  The  amount  of 
ash  left  by  different  samples  is  very  variable,  some  coals  show- 
ing only  2  per  cent.,  while  others  as  much  as  68  per  cent. 

The  following  shows  the  v<ii  iation  in  the  amounts  of  ash  that 

may  be  present  in  different  coals  : — 

Bituminous  Coals        .  .  .  17  to  33*9  per  c  nt. 

Semi-bituminous  Coals  .  .  2  8  to  23*7       „ 

British^Coals        .        .  .  .  12  to  26-5       „ 

Anthracites,  Amtrican  .  .  i-3to68*o      „ 

For  proportion  of  ash  found  in  various  kinds  of  coals  see  table 
on  page  180. 
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It  is  needless  to  say  that  the  greater  the  amount  of  ash  left 
by  a  coal,  the  lower  will  be  its  calorific  value  and  the  more 
inconvenience  will  be  caused,  resulting  from  formation  of 
clinkers,  &c.  The  composition  of  the  ashes  of  coals  varies 
considerably  with  the  nature  of  the  coal  and  the  locality  in 
which  it  is  found,  the  coal  generally  containing  the  same  sub- 
stances as  the  surrounding  geological  strata.  The  ash  of  bitu- 
minous coal  consists,  to  a  great  extent,  of  silicate  and  sulphate 
of  lime,  together  with  oxide  of  iron  and  argillaceous  matter  ; 
while  the  ash  of  the  canuel  class  of  coals  consists  largely  of  sili- 
cate of  alumina.  For  the  composition  of  ashes  left  by  various 
coals  see  page  179,  and  for  methods  of  analysing  ash,  page  166. 

Chemioal  Olassifloation  of  OoaL — At  a  meeting  of  the 
South-Wales  Institute  of  Engineers  held  at  Cardiff*  on  April  30th, 
1900,  Mr.  Clarence  A.  Sayler,  B.Sc,  F.l.C,  gave  a  valuable 
paper  on  the  "  Chemical  Classification  of  Coal,"  and  after 
reviewing  the  various  classifications  in  vogue,  and  commenting 
upon  ambiguous  local  terms  such  as  "dry,"  "hard,"  "strong," 
"  fat,"  "  half-fat,"  and  "  high-fat,"  bituminous  and  semi- 
bituminous,  he  proposed  to  adopt  a  classification  on  scientific 
principles  as  follows  : — 


I.  Anthracitic  carbon  plane.    Carbon  over  93*3  per  cent. 

(a)  Ortho  hydrous. — Hydrogen  under  4  per  cent.,  volatile  matter 
under  9  per  cent.  (5  to  9  per  cent.).    Ortho-anthracite. 

(J)  Per-hydrous.  — H.  over  4,  V.  M.  over  9  (9-15).  Semi- 
anthracite. 

II.  Carbonaceous  plane,     C.  93'3*9i*2. 

(a)  Sub-hydrous. — H.  under  4-2  ;  (i)  V.  M.  7'7-i2.  Sub-carbo- 
naceous. (2)  V.  M.  under  77-12.  Sub-pseudo-anthra- 
cite. 

{p)  Ortho-hydrous.— H.  4  •2-4-45,  V.  M.  10-14.  Carbonaceous. 

{c)  Per-hydrous. — H.  over  4*45,  V.  14-24,    Semi-bituminous. 

III.  Hydro-carbonaceous  or  bituminous  plane,    C.  91*2-84. 

I.  Meta-bituminous.    C.  91 -2-89. 


Brown  Coal  from  Qippsland. — Although  somewhat  out  of 
place  here  (see  post  pp.  175 — 183),  the  following  particulars  of 
an  analysis  (by  the  Author)  of  firown  Coal  from  Gippsland, 
Australia,  may  be  mentioned : — 
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(a)  Sub-hydrous.-- H.  4'5-4*9f  V.  M.  16-23.    Sub-met a-bitu- 

minous.    H.  3*7-4'5,  V.  M.  io-i6.    Sub-pseudo-carbo-  | 

naceous.    H.  under  37,  V.  M.  under  10.    Sub-pseudo-  j 

anthracite.  1 

(A)  Ortho-hydrous.— H.  4'9-57f  V.  M.  23-30.  ) 

\c)  Pcr-hydrous.— H.  over  57,  V.  M.  30-44.  1 

2.  Ortho-bituminous.    C.  89-87. 

(a)  Sub-hydrous. — H.  4*5-5,  V.  M.  16-23.  Sub-ortho-bitu> 
minous.  H.  under  4*5,  V.  M.  under  16.  Sub-pseudo* 
carbonaceous. 

(*)  Ortho-hydrous.— H.  5  0-57,  V,  M.  23-30. 

{c)  Per-hydrous. — H.  57  and  over,  V.  M.  over  36  (seldom 
over). 

3.  Para-bituminous.    C.  87-84. 

(a)  Sub-hydrous. — H.  5*0  and  under,  V.  M.     Sub-para-bitu- 
minous. 
iff)  Ortho-hydrous.— H.  5-0-5-8,  V.  M.  30-40  (usually). 
\c)  Per-hydrous. — H.  over  5*8,  V.  M.  over  40  (seldom  under). 

IV.  Catbkydraious  or  lignitious  plane.    C.  84-75.  • 

Meta-lignitious,  C.  84-80 ;  ortho-lignitious,  C.  80-75. 
{a)  Ortho-hydrous.— H.  47-5*8  \ 
{b)  Per-hydrous.— H.  over  5-8  }  ^'  ^*  3i*S7. 

GlassifLoation  of  Carbonaceous  Goal  aooording  to 
Volatile  Matter. — Coals  of  any  carbon  class  may  be  classified 
according  to  volatile  matter  as  follows : — 

Volatile  matter  up  to  8  per  cent,  anthracite  and  pseudo-anthracite. 

8  to  16        „        carbonaceous  and  ^x^i^-carbonaceous. 
16  to  26        ,,        short -flame    coals   (mostly   semi-bitu- 
minous or  sub-bituminous). 
26  to  32        ,,        normal  bituminous, 
over  32        „        large-flame  coals. 
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Sample  Dried  at  230^  F. 

Per  cent. 

Carbon ^7*59 

Hydrogen 5*27 

Oxygen 2^05 

Nitrogen 1-28 

Sulphur 0*25 

Ash 2*56 

1 00-00 

Moisture 20*55 

Tar  and  gas 4^*54 

Coke 51-47 

Fixed  carbon 4^*92 

Specific  gravity 1.25 

Estimation  of  Coke  and  Volatile  Matter. — i  grm.  of 
the  sample  is  carefully  weighed  into  a  small  porcelain  crucible 
provided  with  a  cover,  cautiously  heated  to  redness  by  a  large 
Bunsen  burner  for  two  minutes,  and  then  heated  for  an  addi- 
tional two  minutes  at  a  higher  temperature  over  a  gas  blow- 
pipe :  it  is  then  allowed  to  cool  in  a  desiccator  and  weighed. 
The  loss  =  moisture  +  volatile  matter  ;  and  the  residue  = 
coke  (fixed  carbon  +  ash). 

The  coke  is  tested  by  means  of  a  penknife,  to  ascertain  if 
it  is  friable  or  compact.  A  little  of  it  is  placed  on  platinum 
foil  and  ignited,  and  noted  as  to  whether  it  burns  freely  or  not 

Mr.  G.  £.  Davis  makes  an  interesting  classification  of 
coals,  according  to  the  amount  of  coke  they  are  capable  of 
producing,  as  follows : — 

(i)  Splint  coal,  burning  with  a  long  flame,  and  yielding  from 
50  to  60  per  cent  of  powdery  or  slightly  caked  coke. 

(2)  Gas  coal,  or  coal  of  a  bituminous  nature,  burning  with 
a  long  flame,  and  yielding  from  60  to  70  per  cent,  of  fused  but 
deeply  seamed  coke. 

(3)  Smithy  coal,  or  true  bituminous  coal,  burning  with  a  long 
flame,  and  yielding  68  to  75  per  cent,  of  fused  compact  coke. 

(4)  Caking  coal,  burning  with  a  short  flame,  leaving  from 
75  to  82  per  cent,  of  fused  compact  coke. 

(5)  Anthracite  or  smokeless  steam  coaL 
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Estimation  of  Sulphiir. — Sulphur  is  a  very  deleterious 
constituent  of  coal  and  coke,  both  for  boilers  and  metallurgical 
purposes.  A  very  small  quantity  finding  its  way  injo  "  pig  " 
iron,  will  render  the  latter  unfit  for  steel-making,  owing  to  its  pro- 
ducing ''red-shortness,"  while  the  sulphurous  vapour  formed 
by  its  combustion  in  boilers,  corrodes  fire-boxes,  boiler- 
tubes,  &c. 

The  disagreeable  odour  in  our  underground  railway  tunnels, 
is  largely  attributable  to  compounds  of  sulphur  (sulphuretted 
hydrogen,  bisulphide  of  carbon,  &c.),  mainly  brought  about  by 
the  distillation  of  fresh  portions  of  coals,  thrown  on  to  the  red- 
hot  coke  in  the  fire-boxes  of  the  locomotives. 

Sulphur  exists  in  three  forms  in  coals  and  cokes,  being  present 
as  iron  pyrites  (FeSj),  technically  termed  "  brasses,"  and  sul- 
phate of  lime  (CaSO^),  and  combined  organically  with  carbon 
and  hydrogen. 

The  sulphur,  present  as  iron  pyrites,  and  that  organically 
combined,  alone  appear  to  affect  the  economic  application  of 
the  fuel. 

To  determine  the  total  sulphur  present,  weigh  out  2  grms. 
of  the  sample  and  mix  thoroughly  with  5  grms.  of  pure  pow- 
dered nitrate  of  potash,  and  add  this  mixture  in  small  portions 
at  a  time,  to  8  grms.  of  pure  anhydrous  sodic  carbonate  kept 
in  a  steady  state  of  fusion  in  a  capacious  silver  crucible  by 
means  of  the  oxidizing  flame  of  a  Bunsen  burner.  The  cru- 
cible should  be  tilted,  and  the  flame  kept  as  far  from  its  mouth 
as  possible,  to  prevent  access  of  sulphur  compounds,  from 
the  gas.  When  the  mixture  has  been  fusing  for  about  ten 
minutes,  after  the  addition  of  the  last  portion  of  the  sample, 
it  is  acidulated  with  dilute  hydrochloric  acid,  evaporated  to 
dryness,  heated  on  sand  bath  to  about  130^  C.  to  render  silica 
insoluble,  moistened  with  10  cc.  of  loE  HCL,  diluted  with 
distilled  water  to  100  cc,  filtered  and  washed,  and  the  filtrate 
diluted  to  about  400  cc,  and  then  heated  nearly  to  boiling.  A 
few  cc.  of  a  saturated  solution  of  baric  chloride  are  now 
added,  the  solution  well  stirred,  and  then  allowed  to  stand 
in  a  warm  place,  if  possible,  for  about   twelve  hours.     The 
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supernatant  liquid  is  now  syphoned  off,  and  the  precipitated 
baric  sulphate  (BaSOJ  carefully  filtered  through  a  No.  2 
Swedish  filter  paper,  and  washed  till  free  from  soluble  matter 
with  hot  water.  The  filter  paper  is  then  spread  out  on  a  watch 
glass,  and  put  to  dry  in  a  water  oven :  in  the  meantime  a 
small  porcelain  crucible  is  carefully  weighed.  When  the  filter 
is  dry,  the  BaSO^  is  brushed  into  it,  the  filter  burnt  separately, 
and  its  ash  added  to  the  main  portion.  The  crucible  and  its 
contents  are  then  ignited  at  a  dull  red  heat  in  the  oxidizing 
flame,  allowed  to  cool,  and  weighed.     Increase  in  weight  = 

BaSO.  +  ash.    Subtract  ash,  then  BaSO,  X    1373  X  100  ^ 

•  2 

percentage  of  total  sulphur. 

The  total  sulphur  can  also  be  conveniently  estimated  from 
the  solution  left  on  the  determination  of  the  heating  power  by 
the  calorimeter  described  on  page  135.  All  that  has  to  be  done 
is  to  acidulate  the  solution  with  io£  HCL,  filter  off  matter 
that  has  escaped  combustion,  evaporate,  filtrate  to  about  400  cc. 
in  a  porcelain  basin,  and  precipitate  sulphur  with  BaCU,  and 
determine  as  above  described. 

The  sulphur  present  as  sulphate  of  lime  is  determined  by 
boiling  5  grms.  of  sample  with  a  strong  solution  of  sodic 
carbonate  ;  the  sulphur  is  by  this  means  converted  into  soluble 
sulphate  of  soda;  acidulate  with  HCL,  dilute  and  filter,  and 
estimate  sulphur  as  above.  On  subtracting  the  sulphur  thus 
found  from  the  total,  the  amount  of  sulphur  present  as  pyrites 
is  obtained. 

A  somewhat  new  method  for  the  determination  of  the  total 
sulphur  in  cake  is  described  by  Neilson  in  the  Chemical  News ^ 
April  24th,  1891.  The  details  of  the  process  areas  follows  : — 
I  gram  of  the  coke  is  intimately  mixed  with  2  grams  of  anhy- 
drous carbonate  of  soda  (Naa  COs)  and  0*5  gram  of  carbonate 
of  manganese  (Mn  CO3),  and  the  whole  brushed  into  a  flat- 
bottomed  platinum  capsule  and  kept  at  a  dull  red  heat  for  one 
hour.  After  this  time  the  whole  of  the  sulphur  and  carbon 
will  have  been  oxidized.  The  mixture  is  then  carefully  fused 
for  about  3  minutes,  cooled,  and  the  whole  placed  into  a  100  cc. 
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beaker,  and  40  cc.  of  dilute  HCL  (20  cc.  loE  HCL  and 
20  cc.  water)  poured  on  it.  The  mixture  is  now  heated  until 
all  that  is  soluble  is  dissolved,  the  capsule  taken  out  with  a  pair 
of  platinum  or  bone  forceps,  and  washed  down  with  water  from 
a  wash  bottle,  into  the  beaker.  The  solution  is  now  evaporated 
to  dryness,  and  the  residue  heated  for  a  short  time  at  about 
130^  C.  on  a  sand  bath  to  render  silica  insoluble,  cooled, 
warmed  with  about  5  cc.  of  strong  hydrochloric  acid,  diluted  to 
200  cc.  with  distilled  water,  the  insoluble  residue  filtered  off, 
and  the  sulphur  estimated  in  the  filtrate,  by  precipitation  as 
fiaSO^  with  BaCU  in  the  usual  manner. 

Hundeshagen  method  far  the  determination  of  Sulphur  in 
^»d/f.— The  writer  has  had  considerable  experience  with  this 
process,  and  is  quite  satisfied  with  the  accuracy  of  the  results. 
The  mixture  used  in  this  method  is  one  part  of  pure  and  dry 
potassium  carbonate  to  2  parts  of  magnesium  oxide.  To  i 
part  of  coal  at  least  2  parts  of  the  mixture  is  used,  three-fourths 
of  the  reagent  is  intimately  mixed  with  the  finely  powdered  coal 
and  the  remaining  one-fourth  is  spread  over  the  top;  the 
combustion  is  complete  if  the  mixture  is  kept  at  a  red  heat  for 
half  an  hour.  The  rest  of  the  process  is  conducted  as  described 
on  page  124. 

The  amount  of  sulphur  in  coals  varies  from  about  0*2  per 
cent,  to  as  high  in  some  cases  as  10  per  cent.,  a  fair  average  in 
British  coals  being  about  1*5  per  cent.  In  the  coking  of  coals 
something  like  50  per  cent,  of  the  sulphur  combines  with 
hydrogen  and  carbon  in  the  coals  and  escapes  as  gas  in  the 
form  of  bisulphide  of  carbon,  sulphuretted  hydrogen,  &c  Coals 
or  cokes  containing  iron  pyrites,  if  heated  to  a  high  tempera- 
ture in  presence  of  water,  give  off  considerable  quantities  of 
sulphuretted  hydrogen,  due  to  the  decomposition  of  the  pyrites 
with  the  formation  of  oxide  of  iron.  Apart  from  the  detri- 
mental influence  of  iron  pyrites  in  coal  and  coke  on  iron 
smelting,  &c.,  it  causes  much  inconvenience  and  lo.ss  of  fuel  on 
locomotives,  &c.,  owing  to  the  combination  of  the  resulting 
oxide  of  iron  with  the  silica  of  the  ash,  forming  a  fusible  slag 
or  clinker  which  covers  the  bars  in  the  firebox,  thus  preventing 
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free  access  of  air  and  causing  the  formation  of  carbonic  oxide 
instead  of  carbonic  acid,  which  consequently  results  in  a  loss  of 
much  heat. 

There  have  been  numerous  experiments  tried  with  a  view  of 
desulphurizing  coal  and  cokes,  such  as  mixing  common  salt 
with  coal  previous  to  coking,  heating  coke  to  redness  in  a  cur- 
rent of  steam,  coking  with  salt  and  washing,  heating  the  coke 
below  a  red  heat  in  a  current  of  air  under  pressure,  mixing  the 
coal  with  such  substances  as  lime,  chalk,  soda,  oxide  of 
manganese,  &c.,  previous  to  coking,  &c.,  but,  unfortunately, 
none  of  these  processes  have  resulted  in  eliminating  sufficient 
sulphur  to  warrant  their  adoption  on  a  large  scale. 

Estimation  of  Hitrogen. — Owing  to  the  small  quantity  of 
nitrogen  usually  present  in  fuels,  it  is  best  determined  volu- 
metrically.  The  following  is  the  process  devised  by  Dumas. 
A  combustion  tube  is  selected  about  120  cm.  long,  sealed  at 
one  end  like  a  test  tube,  cleaned,  and  dried.  A  layer  of  pure 
bicarbonate  of  soda  15  cm.  long  is  first  introduced,  then  a 
layer  of  copper  oxide  20  cm.  long,  after  this  an  intimate  mix- 
ture of  I '5  grm.  of  the  sample  with  oxide  occupying  30  cm., 
then  30  cm.  of  coarse  copper  oxide,  and  20  cm.  of  small 
copper  turnings ;  the  tube  is  now  connected  by  means  of  a 
good  fitting  cork  with  the  bent  delivery  tube,  b,  Fig.  34,  and 
placed  in  a  combustion  furnace.  The  further  end  of  the  tube 
containing  the  bicarbonate  is  then  gradually  heated  to  the 
extent  of  6  cm.  Carbonic  acid  gas  is  evolved  and  sweeps 
the  air  out  of  the  tube ;  when  the  gas  has  been  coming  off  for  a 
few  minutes,  the  end  of  the  delivery  tube  is  dipped  under 
mercury  contained  in  the  trough,  m,  and  the  issuing  gas  tested 
for  air,  by  inverting  a  test  tube  filled  with  a  10  £  solution  of 
potassic  hydrate  over  it.  If  the  gas  as  it  comes  in  is  com- 
pletely absorbed,  all  air  has  been  eliminated ;  if  not,  continue 
the  heating  until  the  desired  point  is  attained.  The  graduated 
tube.  A,  which  is  filled  }  with  mercury  and  i  with  a  xo  £ 
solution  of  potassic  hydrate,  is  then  inverted  over  the  end  of 
the  delivery  tube  and  held  in  position  by  the  clamp,  k.    The 
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combustion  is  now  proceeded  with.  The  fore  part  of  the  tube 
containing  the  copper  is  first  cautiously  heated  to  redness,  and 
the  heat  gradually  extended  to  the  further  end  until  the  point 
where  the  sample  ends.  When  no  more  gas  comes  off  from 
the  sample,  the  other  half  of  the  bicarbonate  is  heated  ;  the 
second  crop  of  COj  thus  produced  drives  any  nitrogen  still 
left  in  the  tube  into  a.  When  the  volume  of  gas  in  the  tube, 
A,  is  no  longer  diminished  by  the  absorption  of  any  COs  that 
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may  still  be  present,  even  on  shaking,  the  tube  is  transferred, 
by  means  of  a  small  dish  filled  with  mercury,  to  a  deep 
vessel  containing  water.  The  mercury  will  then  be  displaced 
by  water ;  the  tube  is  pushed  into  the  water  until  the  levels  of 
the  liquids  are  coincident,  when  the  volume  of  nitrogen  is  noted, 
together  with  the  temperature  and  barometric  pressure.  The 
volume  observed  is  reduced  to  o°  C.  and  760  mm.  pressure ; 
and  inasmuch  as  the  gas  is  measured  over  water,  allowance 
must  be  made  for  the  pressure  reduced  by  the  tension  of 
aqueous  vapour  at  the  temperature  observed. 

The  following  is  an  example  of  an  actual  determination  of 
nitrogen  in  a  sample  of  South  Stafford  coal : — 
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Volume  of  nitrogen  observed  •  •  •  ,  25  cc. 
Temperature  .  .  •  •  •  •  •  IS^'C. 
Barometric  pressure 758  mm. 

The  tension  of  aqueous  vapour  at  15°  C.  is  equivalent  to 
12*677  mm.  of  mercury. 

Taking  i  cc.  of  nitrogen  at  0°  C.  and  760  mm.  pressure  as 
weighing  '0012544  grm.,  then  the  percentage  of  nitrogen  by 
weight  in  the  sample  is — 

25  X  273  X  (758  —  12677)  X  -0012544  X  ioo_ 
(273  +  IS)  X  760  X  1-5  ■" 

1*943  per  cent,  nitrogen. 

The  amount  of  nitrogen  normally  present  in  coals  varies 
from  about  0*5  to  2*5  per  cent.,  and  under  proper  conditions 
of  destructive  distillation,  practically  the  whole  of  it  combines 
with  hydrogen  with  the  formation  of  ammonia.  In  the  manu- 
facture of  coal  gas  the  ammonia  finds  its  way  into  the  aqueous 
liquor,  where  it  exists  partly  "  free  "  and  partly  "  combined,*' 
from  which  it  is  obtained  by  distilling  with  lime;  and  by 
passing  the  gas  through  sulphuric  acid,  sulphate  of  ammonia  is 
obtained,  which  is  now  much  used  as  a  manure,  &c 

Estimation  of  Carbon  and  Hydrogen. — The  principle  of 
the  method  adopted  for  the  determination  of  carbon  and 
hydrogen  depends  upon  the  fact  that  when  a  fuel  is  burnt  in 
excess  of  air  or  oxygen,  or  any  oxidizing  substance,  the  carbon 
is  oxidized  into  carbonic  acid  gas  (COa),  while  the  hydrogen  is 
converted  into  water  (OH2),  evolved  as  steam.  A  known 
weight  of  the  sample  being  taken,  it  is  ignited  with  chromate  of 
lead,  or  with  copper  oxide  and  oxygen  or  air ;  the  products  of 
combustion,  COa  and  OHa,  are  absorbed  by  appropriate  re- 
agents, and  weighed  separately,  from  which  the  amounts  of  car- 
bon and  hydrogen  present  are  deduced  by  a  simple  calculation. 

Select  a  wrought-iron  tube  20 — 22  mm.  in  diameter  and  115 
cm.  long ;  oxidize  inner  surface  of  tube  by  heating  it  to  redness 
in  a  combustion  furnace,  and  passing  a  current  of  steam  through. 

M 
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A  layer  of  recently  ignited  coarse  oxide  of  copper,  about  20  cm. 
long,  is  pushed  into  the  middle  of  the  tube  and  kept  in 
position  by  plugs  of  copper  gauze,  placed  one  each  side ;  a 
sheet-iron  boat  about  30  cm.  long,  is  nearly  filled  with  recently 
fused  and  powdered  chromate  of  lead,  and  introduced  into  the 
tube,  which  is  placed  in  a  combustion  furnace  and  heated  below 
the  fusing  point  of  the  chromate,  a  current  of  dry  air  being  passed 
through,  to  rid  the  tube  of  any  moisture.  The  gas  is  then  put 
out  and  the  tube  plugged  and  cooled.  The  boat  is  then  taken 
out,  and  from  ■$  to  '5  grm.  of  the  powdered  sample,  free  from 
water,  quiddy  and  thoroughly  mixed  with  the  chromate,  and 


replaced  in  the  tube ;  a  similar  boat  filled  with  recently  reduced 
metallic  copper  is  introduced  at  the  other  end  of  the  tube, 
and  the  whole  placed  into  the  furnace  and  coupled  up  to  the 
desiccating  and  absorption  apparatus.  Fig.  35  shows  the 
apparatus  ready  for  a  combustion. 

^  is  a  cylinder  containing  a  strong  solution  of  potassic  hydrate 
(10  E),  which  absorbs  the  great  bulk  of  COj  present  in  the  air 
used  for  the  combustion ;  it  is  coupled  up  to  a  gas  holder  by 
means  of  the  tube  /,  and  to  the  cylinder,  i,  which  is  filled  with 
fragments  of  soda  lime,  which  completes  the  absorption  of  CO*. 
The  U  tubes  a  a,  are  filled  with  dry  granulated  calcium  chloride, 
which  completely  absorbs  atmospheric  moisture.  They  are 
connected  to  the  combustion  tube  by  means  of  the  pipe,:*:,-  the 
bulb  tube,  «,  contains  dry  calcic  chloride  which  serves  to  absort^ 
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the  water  brought  about  by  the  combustion  of  the  hydrogen  in 
the  sample.  The  bulbs,  b,  contain  a  strong  solution  of  potassic 
hydrate,  which  absorbs  the  CO3  produced  by  the  combustion  of 
the  carbon.  ^  is  a  small  tube  containing  calcium  chloride,  which 
serves  to  retain  any  moisture  carried  mechanically  from  B  by  the 
issuing  gas. 

Before  proceeding  with  the  combustion,  n  and  b  are  accu- 
rately weighed  separately  and  attached  to  tube  as  in  sketch ; 
all  joints  having  been  insured  air  tight,  the  gas  is  turned  on  at 
the  end  of  the  tube  containing  the  reduced  copper,  and  a  gentle 
current  of  air  made  to  pass  through  the  apparatus,  when  it  is  at 
a  dull  red  heat  The  gas  is  then  gradually  turned  on  until  the 
boat  containing  the  sample  is  reached.  Care  is  here  required, 
and  the  heat  should  be  gradually  raised  to  full  redness,  when 
the  chromate  will  fuse,  and  the  sample  is  soon  completely 
oxidized.  After  it  has  been  insured  that  the  combustion  is 
complete,  the  calcium  chloride  tube, «,  and  potash  bulbs,  b,  are 
detached  and  weighed.  The  increase  in  weight  of  the  CaCla 
tube,  multiplied  by  'iiii,  gives  the  amount  of  hydrogen  in 
quantity  of  sample  taken,  and  the  increase  in  weight  of  the 
bulbs,  b,  multiplied  by  '27273  gives  the  amount  of  carbon 
present  in  the  quantity  of  sample  taken. 

In  estimating  the  carbon  and  hydrogen  in  non-volatile  liquid 
fuels,  the  two  boats  are  filled  with  copper  oxide,  the  weighed 
liquid  absorbed  in  one  of  the  boats,  and  the  combustion  pro- 
ceeded with  as  above ;  or  if  it  be  a  volatile  hydrocarbon  it 
is  weighed  into  a  small  tin  tube,  with  a  loose  stopper,  and 
dropped  into  the  boat,  due  care  being  taken  that  the  combus- 
tion is  not  hurried,  otherwise  vapour  will  escape  unoxidized* 

The  following  is  an  example  of  the  results  obtained  for  car- 
bon and  hydrogen  in  a  Scotch  bituminous  coal,  when  *5  grm. 
was  taken : — 

Weight  of  CaCls  tube  before  combustion      .        .        .    30*4562 
«,  »,  after         „  .        ,        .    30-6884 


Water  absorbed        '2322 
•2322  X  'nil  X  2  X  100=:  5*159  per  cent,  hydrogen. 
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Weight  of  potash  bulbs  before  combustion   .        •        .52*0318 
„  „  after  „  ...    53-4296 


COj       .        .      I '3978 
1*3978  X  '27273  X  2  X  100  =  76-244  per  cent,  carbon. 

The  higher  the  proportion  of  hydrogen  present  in  fuel,  the 
more  gas  in  the  form  of  combustible  hydrocarbon  is  given  off, 
and  consequently  the  more  flame  will  the  fuel  produce  on 
combustion.  It  is  on  this  account  that  wood,  peat,  cannel 
coals,  &c.,  are  so  readily  ignited.  On  the  other  hand,  char- 
coal, anthracitic  coal,  and  coke,  &c.,  which  contain  such  a 
small  proportion  of  hydrogen,  and  mainly  composed  of  carbon, 
ignite  with  much  difficulty,  and  require  more  air  locally  to 
effect  their  complete  combustion.  The  proportion  of  hydro- 
gen varies  considerably  in  different  coals.  While  some  anthra- 
cites contain  only  1*5  per  cent.,  Boghead  cannel  coal  contains 
as  much  as  8*86  per  cent 

The  proportion  of  carbon  varies  considerably  even  in  the 
same  classes  of  coals.  Some  anthracites  of  France  contain  only 
70*2  per  cent,  of  carbon,  while  the  South  Wales  variety 
contains  as  much  as  94*2  per  cent,  of  this  element. 

The  proportion  of  carbon  in  cannel  coal  varies  from  56*8 
to  83*8,  and  in  the  bituminous  coals  from  75  to  about  83  per 
cent 

Estimation  of  Oxygen. — There  is  no  ready  method  for  the 
direct  determination  of  oxygen  in  complex  organic  compounds. 
It  is  as  a  rule  estimated  by  difference.  Having  a  knowledge  of 
the  percentage  of  all  other  ingredients  present  in  the  sample, 
add  these  up  and  subtract  from  100,  and  the  remainder  maybe 
taken  as  oxygen. 

The  proportion  of  organic  oxygen  present  in  coal  varies 
from  practically  none  in  some  kind  of  anthracites  to  as  much 
as  15*5  per  cent,  in  some  of  the  Scotch  coals.  Generally 
speaking,  the  more  organic  oxygen  there  is  in  a  fuel  the  less 
heat  is  given  out,  owing  to  its  being  already  chemically  com- 
bined with  carbon  or  hydrogen,  thus  lowering  the  calorific 
value. 
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Speciflo  Gravity  of  Coal  and  Coke. — It  is  often  desir- 
able to  know  the  amount  of  space  that  a  given  weight  of  coal 
will  occupy,. and  the  determination  of  the  specific  gravity  thus 
becomes  necessary. 

To  obtain  this  a  small  flask  provided  with  a  thermometer 
stopper,  and  holding  a  definite  weight  of  water  at  a  known 
temperature — usually  60°  F.,  which  is  previously  accurately 
ascertained — is  taken,  and  2  to  3  grms.  of  the  sample  weighed 
into  it ;  water  is  then  added,  and  the  coal  allowed  to  soak  in 
it  for  some  time,  so  as  to  eliminate  air  from  the  pores.  The 
bottle  is  then  filled  with  water  at  the  standard  temperature  and 
again  weighed. 

The  specific  gravity  is  obtained  as  follows : — 

Let  W  =  weight  of  sample  in  air 
R  r=  weight  ol  flask  -{•  water 
Ri  ^  weight  of  flask  +  water  -|-  sample 

Then, 

w 

Specific  gravity  =  ^  _^  r  _  r^ 

The  weight  of  a  cubic  foot  of  the  sample  in  pounds  is  ob- 
tained by — 

log.  specific  gravity  -|-  179588  =  log.  weight  of  cubic  foot. 

The  number  of  cubic  feet  in  a  ton 

=  ^'55437  "-  log*  specific  gravity  =  log.  cubic  feet. 

It  is  very  important  in  determining  the  specific  gravity  of 
coal  and  coke,  to  insure  that  all  air  has  been  driven  out  of 
the  sample  by  the  water  before  diluting  and  weighing.  An 
example  may  be  given  of  the  error  that  would  be  involved  if 
this  precaution  were  not  taken.  Mr.  Crookes,  F.R.S.,  obtained 
the  following :  2*76  grms.  of  coal  gave  a  specific  gravity  of 
I  '309  at  64^  F.,  immediately  after  filling  the  flask  with  water ; 
after  soaking  twelve  hours  the  specific  gravity  had  increased 
to  1*328  for  the  same  temperature.  So  that  the  latter  deter- 
mination would  make  a  cubic  foot  of  this  coal  weigh  82*76  lbs., 
and  the  former  only  81*58,  or  i*z8  lbs.  less. 
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The  specific  gravity  of  coals  varies  from  1*200  to  1*900.  In 
many  coals  the  specific  gravity  increases  with  the  proportion  of 
ash,  although  this  is  not  a  general  rule. 


Speciflo  Gravity  of  Liquid  Fuols. — The  specific  gravity 
of  liquid  fuels  can  in  the  majority  of  cases  be  determined  at 
1 5^  C.  by  the  hydrometer  in  the  usual  manner.  It  sometimes 
happens,  however,  that  liquid  fuels  are  too  thick  to  obtain  an 
accurate  result  by  this  means,  and  it  has  to  be  determined 
by  the  specific  gravity  bottle  ;  or  if  too  thick  for  this,  by  plac- 
ing a  drop  in  a  cylinder  of  alcohol  at  15°  C,  and  adding  water 
until  it  remains,  stationary  in  any  part  of  the  fluid  in  which  it 
is  placed,  a  glass  rod  being  used  for  the  purpose.  The  specific 
gravity  of  the  fluid  is  then  taken  with  the  hydrometer,  and  the 
specific  gravity  of  the  sample  is  thus  attained. 

The  Flash  Point  of  Liquid  PueL— -The  temperature  at 
which  the  vapour  coming  off  from  liquid  fuels  ignites  when 
mingled  with  air,  on  the  application  of  a  flame,  is  of  some 
importance.  The  lower  the  temperature  at  which  the  vapour 
is  capable  of  igniting,  the  more  care,  of  course,  will  be  required 
with  its  handling,  storage,  transport,  &c. 

A  ready  mode  of  determining  the  flash  point  of  a  sample  is 
to  pour  some  of  the  liquid  into  a  beaker  (2"  x  2")  to  within 
about  half-an-inch  from  the  top ;  then  cover  with  a  disc  of 
asbestos,  through  which  a  thermometer  passes  to  within  a 
quarter  of  an  inch  from  the  bottom  of  the  beaker.  The  beaker, 
&c.,  is  now  put  into  a  shallow  sand  bath,  and  surrounded  with 
sand  to  the  level  of  the  liquid ;  a  small  flame  is  then  applied 
under  the  bath,  and  the  temperature  allowed  to  rise  about  2° 
per  minute.  After  each  rise  of  1°,  the  asbestos  disc  is  turned 
to  one  side,  and  a  flame  is  quickly  put  into  the  vapour.  The 
temperature  at  which  it  ignites  is  taken  as  the  flash  point. 

A  more  definite  method  of  testing  the  flash  points  of  light 
oils  is  obtained  by  Sir  Frederick  Abel's  standard  flash-point 
apparatus  described  on  page  262. 
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Determination  of  the  Calorlflo  Value  of  Solid  and 
Iiiquid  Pnels  by  Thompson's  Calorimeter.  —  In  this 
method,  which  is  now  most  extensively  used  in  estimating  the 
heating  power  of  fuels,  a  known  weight  of  sample  is  ignited 
with  an  oxygen  mixture  in  a  copper  cylinder,  in  a  known 
weight  of  water,  the  temperature  of  which  is  first  accurately 
observed.  From  the  increase  of  temperature  of  the  water, 
due  to  the  combustion  of  sample,  the  comparative  heating 
and  evaporating  power  can  be  deduced. 

The  French  unit  of  heat,  is  the  amount  of  heat  necessary  to 
raise  the  temperature  of  i  grra.  of  water  through  1°  C,  or 


^ 


Calorimttfr  in  Action. 


more  correctly  from  0°  to  1°  C  The  calories  as  here  expressed 
are  the  number  of  grms.,  lbs.,  or  any  unit  weights  of  water 
raised  1°  C.  by  the  combustion  of  i  grm,  or  i  lb.,  &c.,  of  the 
sample.  These  can  be  converted  into  British  thermal  units — 
viz.,  lbs.  of  water  raised  1°  F.  by  i  lb.  of  sample — by  multiply- 
ing by  i. 

For  coals  and  cokes,  2  gnns.  of  the  finely  powdered  and 
dried  sample,  are. thoroughly  mixed  with  36  gims.  of  a  finely 
powdered  and  dry  mixture,  of  chlorate  of  potash,  3  pans,  and 
nitrate  of  potash,  i  part,  on  a  sheet  of  glazed  paper.  By  means 
of  a  flexible  steel  spatula,  the  mixture  is  introduced  in  small 
quantities  at  a  time  into  the  copper  cylinder  B,  Fig.  36,  each 
addition  being  pressed  v/ith  about  the  same  pressure,  with  the 
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rounded  end  of  a  test-tube,  so  that  a  fairly  uniform  combustion 
can  be  relied  upon.  When  all  has  been  brushed  in,  a  short 
length  of  fuse  (prepared  by  soaking  lamp  cotton  in  a  strong 
solution  of  nitre,  and  drying)  is  pushed  into  the  mixture,  and 
about  half  an  inch  allowed  to  protrude.  It  is  then  fixed  into 
the  brass  stand  c.  The  glass  cylinder  d,  having  been  charged 
with  2,000  cc,  of  water,  the  condenser  a  is  fixed  over  b  into  c, 
held  firmly  by  the  clutches  k.  The  whole  is  then  placed  in  10 
D,  and  moved  up  and  down  in  the  water  until  the  tempera- 
ture of  the  latter  is  fixed.  The  temperature  is  recorded  by  a 
very  delicate  thermometer  graduated  to  A  of  a  degree  Centi- 
grade. 

The  temperature  of  the  room  is  usually  higher  than  the 
water,  so  that  a  little  hot  water  or  ice  (as  the  case  may  demand) 
must  be  added,  until  the  differences  are  about  as  follow : — 


Room  at  ®  C. 

27 

2i 

20 

16 

13 

10 

6 

Water  should  be 

21 

18 

IS 

12 

10 

8 

5 

Differences 

6 

5 

5 

4 

3 

2 

I 

When  this  is  accomplished  the  apparatus  is  lifted  out  of  the 
cylinder  d  and  the  condenser  detached.  A  light  is  then  ap- 
plied to  the  fuse,  the  condenser  quickly  replaced,  and  the  whole 
plunged  into  the  water ;  when  gas  appears  through  the  holes 
at  the  bottom  of  a  the  time  is  noted,  and  an  observation  made 
as  to  the  regularity  of  the  combustion.  When  the  combustion 
is  at  an  end,  which  should  in  most  cases  occupy  not  less  than 
60  seconds,  the  stopcock  of  a  is  opened  and  a  wire  forced 
down  the  pipe  to  clear  it ;  the  whole  is  then  moved  up  and 
down  in  the  liquid  with  the  thermometer  until  the  temperature 
has  attained  its  maximum,  and  the  increase  is  then  noted. 

Often  there  is  a  small  quantity  of  sample  that  has  escaped 
combustion ;  and  to  make  allowance  for  this,  the  liquid  is  made 
acid  with  hydrochloric  acid,  and  evaporated  to  a  small  bulk  in 
a  porcelain  basin.  The  residue  is  filtered  off,  washed,  dried, 
brushed  into  a  tared  crucible,  dried  and  weighed ;  it  is  then 
ignited  in  a  mufRe,  cooled,  and  again  weighed;  the  loss  is 
assumed  to  be  the  carbon  and  hydrogen  unbumt 
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To  ascertain  the  temperature  that  this  would  raise  the  water 
to  if  completely  burnt  in  the  calorimeter :  Let  V  =  combustible 
matter  minus  water  in  2  grms.  sample,  C  amount  of  carbon 
and  hydrogen  found  to  be  unburnt,  and  T  the  rise  in  tempera- 
ture in  calorimeter,  then  the  temperature  Tj  corresponding  to  C 
will  not  be  far  short  of, 

T  X  C       ^ 

The  following  is  an  example  of  the  determination  of  the 
heating  power  of  a  sample  of  Welsh  steam  coal  by  the  above 
process : — 

Temperature  of  room 17*25°  C. 

„  „  water  before  combustion  .     lyicP  C. 

„  M      „      after  „  .         .     20-30°  C. 

Increase  in  temperature  20*3  —  13*2         .     =      7*10°  C, 

Allowance  for  temperature  of  C  and  H  unburnt        '2i°  C. 

■        » 

731°  c. 

Absorption  of  heat  by  calorimeter  -j^       .     =        *73°  C. 

Total    8  •04''  C. 

8*04  X   1,000  =  8,040  calories — that  is,   pounds   of   water 
heated  1°  C.  by  i  pound  of  sample. 

The  latent  heat  of  steam  being  537  thermal  units,  the  eva- 
porative power  (lbs.  of  water  evaporated  at  100'^  C.  (212°  F.) 

8040 
by  I  lb.  of  coal)  becomes  -        =  i4'07. 

537 

On  determining  the  heating  power  of  substances  rich  in 
hydrogen— such  as  patent  and  liquid  fuels — the  oxygen  mix- 
ture is  diluted  with  from  "5  to  3  grams  of  dry  kaolin  clay.  The 
combustion  is  sometimes  difficult  to  start ;  in  most  cases,  how- 
ever, this  may  be  overcome  by  the  employment  of  a  little 
gunpowder  or  coal  mixture  with  the  fuse,  the  calorific  value  of 
which  has  been  previously  ascertained ;  and  the  temperature 
corresponding  to  the  amount  taken,  must  be  subtracted  from 
the  increase  of  temperature  observed. 
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The  following  are  details  of  the  process  adopted  by  the 
writer  for  the  determination  of  the  heating  power  of  liquid 
fuels : — 16  grams  of  dry  oxygen  mixture  are  mixed  with  2  grams 
of  recently  ignited  kaolin  and  spread  out  over  a  porcelain  plate. 
A  small  beaker  containing  about  three  grams  of  the  liquid, 
together  with  a  small  glass  pipette,  are  accurately  weighed ; 
then  1*5  grams  are  taken  off  the  weight- pan  of  the  balance. 
The  liquid  is  now  sucked  up  into  the  pipette  and  dropped  over 
the  surface  of  the  oxygen  mixture  and  kaolin,  until,  on  re- 
weighing,  the  balance  is  in  equilibrium ;  I '5  grams  will  thus 
have  been  taken  for  the  test.  It  need  not  matter  that  exactly 
I '5  grams  be  taken  so  long  as  what  is  taken  is  known,  since  the 
amount  of  water  used  in  the  calorimeter  can  be  adjusted  to 
meet  the  case.  The  mixture  is  now  thoroughly  mixed  with  the 
aid  of  a  spatula  and  carefully  transferred  to  the  copper  cylinder. 
A  mixture  of  about  '04  gram  of  coal  (the  calorific  value  of 
which  has  been  previously  ascertained)  and  0-5  gram  of  oxygen 
mixture  is  brushed  on  the  top  of  the  mixture  in  the  cylinder, 
and  a  cotton  fuse  inserted.  The  rest  of  the  process  is 
conducted  in  the  manner  described,  except  that  the  quantity 
of  water  taken  is  1,500  cc,  or  a  quantity  corresponding  to  i 
part  of  sample  in  1,000  cc.  of  water.  By  this  process  the  writer 
has  obtained  the  following  results  : — 

A  sample  of  crude  American  petroleum  gave  an  evaporative  power  of 
16*24  lbs. 

A  sample  of  crude  Russian  kerosene  gave  an  evaporative  power  of 
1675  lbs. 

A  sample  of  coal  tar  creosote  gave>Rn  evaporative  power  of  13*65  lbs. 

These  results,  however,  must  be  considered  slightly  below 
the  truth,  since  there  is  always  ia  little  evaporation  going  during 
the  mixing  of  the  sample,  &c. 

Caloulation  of  the  Theoretioal  Calorifio  Values  of 
Solid  and  Liqidd  Fuels  from  the  Chemioal  Analysis. — 

Carbon  and  hydrogen  are  the  only  elements  in  solid  and  liquid 
fuels  that  may  be  considered  the  source  of  their  heating  effici- 
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ency,  consequently  the  amount  of  heat  that  would  be  expected 
from  them  would  be  thought  to  depend  upon  the  respec- 
tive amounts  of  these  elements  present  in  the  fuel.  The 
quantity  of  oxygen  present,  however,  has  to  be  taken  into 
account,  which  i$  assumed  to  be  combined  with  its  equivalent 
of  carbon  or  hydrogen  as  the  case  may  be,  and  renders  so 
much  of  the  latter  incapable  of  generating  heat. 

The  amount  of  heat  rendered  ineffective  by  the  quantity  of 
oxygen  present,  will  depend  upon  whether  the  latter  is  supposed 
to  be  combined  with  carbon,  or  hydrogen.  The  amount  of 
carbon  rendered  latent  by  a  given  quantity  of  oxygen,  would 
be  three  limes  as  much  as  the  amount- of  hydrogen  rendered 
latent  by  the  same  quantity  of  oxygen. 

The  heat  given  out  in  the  combustion  of  hydrogen  is  always 
the  same,  but  in  the  case  of  carbon  it  depends  upon  whether 
it  is  oxidized  to  its  maximum  as  carbonic  acid  (COa)  or  to  its 
minimum  carbonic  oxide  (CO),  so.  that  carbon  can  have  two 
calorific  values  according  whether  the  product  of  combustion 
be  CO  or  CO2. 

In  practical  working,  great  loss  of  heat  would  be  entailed 
if  the  carbon  were  not  oxidized  to  its  full,  as  the  following 
shows : — 

Calories. 
The  heat  generated  by  the  combustion  of  carbon  to 

carbonic  acid  is  .  .  .  .  *  .  .  =  8080 
While  the  heat  generated  by  the  combustion  of  tlie 

same  weight  of  carbon  to  carbonic  oxide  is    .        .  =  2473 

Loss  of  heat  by  production  of  CO        •        •        .        .  =  5607 


From  accurate  determinations  made  by  Favre  and  Silber- 
mann  it  has  been  found  that  the  amount  of  heat  generated  by 
the  combustion  of  hydrogen  is  4*265  times  as  great  as  the  heat 
given  out  by  ^he  combustion  of  the  same  weight  of  carbon  to 
carbonic  acid. 

The  relative  calorific  power  of  fuels  may  be  deduced  from 
the  following  formulae :— 
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(i.)  Fuel  containing  carbon  only        .         .  p  ^  C. 

(2.)  Fuel  containing  carbon  and  hydrogen  p  ^  C  +  4-265  H. 
(3.)  Fuel  containing  orbon,  hydrogen,  and 

oxygen p  =  0+4*265  (H  -  JO). 

where,  p  =  relative  calorific  power 

C,  H  and  O  =:  amounts  of  carbon,  hydrogen,  and  oxygen  present  in  I 
pa  t  of  fuel. 

If  it  be  required  to  express  the  calorific  power  of  a  fuel  in 
heat  units  then — 

(I.)  p  =  8o8oC. 

(2.)  p  =  8080  C  +  34462  H. 

(3.)  p  =  8080  C  +  34462  (H  -  J  O). 

The  following  table  gives  the  calorific  values  of  several  sub- 
stances as  calculated  from  the  above  formulae  : — 


Composition  of  fuel. 

u 
m 

•c 

0 

5"4 

S°o 

Iter  at 
irerted 

Fuel. 

. 

S 

• 

0  u 

u 

fWa 
com 
.earn 

1         Carbon 

g       Hydrog 

1 

0 

• 

4*265 

Heat 
Cent 

Weight 
heate 

to  lOG 

Hydrogen   . 

34,462 

1 
344-62  62-658 
146-7526-682 

Marsh  gas  . 

0-75 

025 

-— 

1*816 

14,675 

Olefiant  gas 

0*8750- 143 

— 

— 

1*466 

11,849 

118-4921-543 
82-41  14*983 

Welsh  coal  . 

0-8380*048 

0*041,0*049 

1*020 

8,241 

Newcastle  coal     . 

0*821  o-o53'o*057po38 

1*017 

8,220 

82-20  14  945 

Carbon 

rooo 

—       — 

— 

rooo 

8,080 

80*80,14*691 

Scotch  coal 

0-785 

0056  0097  0040 

0-973 

7,861 

78*61  14-292 

Derbyshire  coal    . 

0*797 

0*0490*101  0*026 

0*956 

7,733 

77*33  14-060 

Lancashire  coal    . 

0*779 

0-053  0-095JO-049 

0-955 

7,717 

7717  14-031 

Kiln -dried  peat   . 

o*6oo 

0-060,0-307  0*020 

0*694 

5,640 

56*40  10*254 

Air-dried  peat 

0*461 

0-0460*  246  0-015 

0526 

4,250 

42-50  7727 

In  determining  the  thermal  effect  of  fuels,  from  their  per- 
centage composition,  when  made  to  burn  in  air,  corrections  have 
to  be  made  for  the  latent  heat  of  water,  produced  by  the  com- 
bustion of  the  available  hydrogen  ;  and  the  specific  heats  of  the 
carbonic  acid,  water  vapour,  nitrogen^  and  air,  have  also  to  be 
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taken  into  account     The  following  is  a  formula  for  arriving  at 
the  thermal  effect  of  a  fuel  when  completely  oxidized  in  air : — 

^_cC  +  c'H-/W 

S  367  C  +  9  H  +  S'  W  +  S"  N  +  S'"  A' 

Here  T  ^  increase  of  temperature  produced  by  combnslicn. 
C  and  H  =  quantities  of  carbon  and  hydrogen  available  in  i  part  fuel. 
W  =  water  produced  by  I  part  fuel. 
/  =  lattnl  heat  of  watir. 

S  S'  S"  S'"  =  specific  heats  of  carbonic  acid,  water  vapour,  nitrogen 
and  air. 
C  and  C  ^  calorific  power  of  carbon  and  hydrogen. 
N  z=  nitrogen  in  quantity  of  air  necessary  for  complete  combustion  of  fuel. 
A  =  any  additional  amount  of  air  supplied  for  combustion. 

The  result  obtained  by  the  above  formula  expresses  the 
highest  heat  attainable  as  compared  with  carbon  burnt  to  its 
highest  oxide  under  the  best  conditions.  The  amount  of  heat 
generated  practically,  however,  is  usually  less  than  what  should 
be  obtained  by  calculation  as  above ;  this  is  due  to  a  variety  of 
causes,  such  as  imperfect  combustion,  loss  of  fuel  as  smoke, 
imperfectly  oxidized  cinders,  &c. 

Rankine  adopts  as  his  unit,  the  weight  of  fuel  required  to 
evaporate  i  lb.  of  water  at  2 12°  F.  (=  100°  C.)  under  a  pressure 
of  14*7  lbs.  per  square  inch ;  this  being  equivalent  to  966  British 
thermal  units.     The  results  were  obtained  as  follows: — 

Let  E  be  the  corrected  and  reduced  evaporation, 
e  the  weight  of  water  evaporated, 
Ti  the  standard  boiling  point,  212°  F.  (  =  100*  C), 
Tf  the  temperature  of  feed  water, 
•  Tb  the  actual  boiling  point  observed ; 


then, 


-ell    .    Ti-Tr+o-3(Tb-Ti)   | 
—  ^    I       ^  q66F.  orwC.         f 


The  result  is  the  number  of  times  its  own  weight  of  water  which 
a  fuel  would  evaporate  at  the  standard  temperature,  if  no  loss 
of  heat  occurs ;  but  as  there  always  is  some  loss  of  heat,  the 

efficiency  of  the  furnace  is  expressed  by  the  ratio,    ^  ^  If  ^  ^.  ^-\ 

which^  if  no  waste  occurred,  would  be  =  i. 
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The  loss  of  units  of  evaporation  by  the  waste  gaSes  may  be 
obtained  by  the  formula, 

4000 


Loss  by  chimDey 


Tc  (F.«) 


Here  i  +  A'  =  weight  of  burnt  gas  per  unit  weight  of  fuel, 
and  Tc  (F.°)  the  temperature  of  the  chimney  gases  above  that 
of  the  atmosphere.  For  ordinary  coal  i  +  A'  ranges  from  i  j 
to  25,  and  for  liquid  fuels  i6'3,  if  no  excess  of  air  is  required. 
Some  examples  with  coal,  with  a  chimney  draught,  the  tem- 
perature of  the  waste  gases  being  600°  F.(=  315°  C),  were. 


=    13 

=    600*^ 

19 

25 
600** 

=    325 
=  1*95 

475 
285 

625 
375 

I  +  A'    . 

Tc 

Vol.  of  gases  in  cubic  feet 
Loss  of  evaporative  power 


In  estimating  the  evaporative  efficiency  of  fuels  from  their 
chemical  constitution,  Rankine  proposed  the  formula, 

E=i5C  +  64H  -  80; 

and  to  calculate  the  amount  of  air  required  for  combustion, 
A  =  12  C  +  36  H  —  4i  O.  The  practical  value  of  a  fuel, 
however,  is  a  little  lower  than  that  estimated  by  the  formula. 
The  following  results  were  obtained  by  Rankine : — 


Charcoal 
Coke 

Rock  oik  }  ^JJ  2^ 

Coal 


Ethylene 
Acetylene 
Peat,  dry 
Wood,  dry 


Chemical  Compo- 
sition. 

Evaporation 
due  to 

C. 

H. 
0 

0 

'16 

•15 

•05 
•05 

•05 
•25 

•05 

0. 

A. 

E. 

C. 

H-g. 

•93 

•88 

•^ 

•87 
•85 
75 

•58 

0 
0 
0 
0 

•05 
0 

0 

•31 
•40 

"•5 
10-6 

1575 

15-65 
12*1 

"7 
10-6 

180 

15*43 
77 
6*0 

14-0 
132 

227 

22*5 
15-9 

15-5 
141 

273 
22*1 

100 

7-5 

14-0 
132 
127 
12-66 

13-05 

1275 
11-25 

11-25 

12*9 

8-5 
7-5 

0 
0 

lO-O 

9-84 
2-85 

275 
285 

16-05 

9*2 

IS 
0 

THE  EFFECTIVE  HEAT. 
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Theoretioal  Value  of  Liquid  Fuels. — Dr.  Paul  deter- 
mines the  evaporative  power  of  hydrocarbons  as  the  sum  of 
that  of  the  hydrogen  and  .carbon  present,  assuming  that  when 
oxidized  with  the  theoretical  proportion  of  air,  each  lb.  of  car- 
bon evaporates  ii'359  lbs.  of  water  at  15*5°  C,  and  each  lb.  of 
hydrogen  41*895  lbs.  of  water  at  15*5°  F.,  into  steam  at  100°  C. 
The  results  obtained  by  this  method  are  given  in  the  following 
table.  Column  5  gives  the  evaporative  duty  when  the  furnace 
gases  are  discharged  at  315^  C.  above  the  temperature  of  the 
air  supplied  to  the  furnace. 


Evaporative 

Evaporative 
Duty, 

Car- 

Hydro- 

Oxy- 

Power, 

bon. 

gen. 

(fcn. 

lbs.  water  at 
xoo'^C. 

lbs.  water  at 

15-5'  c. 

Phenol  .... 

76-6 

6*40 

17-00 

12-2437 

10-5025 

Cresol    .... 

77*77 

741 

14-82 

130096 

11-1632 

Naphthalin .     .     . 

9375 

625 

15-4350 

13*075' 

Anihracine .     .     . 

94*38 

5-62 

15-2417 
16-5866 

13*2675 

Xylol     .... 

90*5^ 

944 

— 

14-2415 

Cumol    .... 

90*00 

10-00 

— 

16-7838 

14*4126 

Cymol    .... 

89-55 

10*45 

^■^^ 

16-9422 

14*5500 

It  is  computed,  generally  speaking,  that  in  average  practical 
working,  i  lb.  of  liquid  fuel  would  not  be  likely  to  evaporate 
more  than  16  lbs.  of  water  as  steam. 

An  example  of  Paul's  method  of  obtaining  the  effective  heat  is 
as  follows : — 

Combustion  of  i  lb.  of  Carbon. 


Heat  Units. 

Equivalent  Evapo- 
ration of  Water. 

At  aia»  F. 

At6o»F. 

Total  heat  of  combtistion    .... 

Avaibble  heat 

Waste  by  furnace  gases  at  600®  F.     . 

Effective  heat 

14.500 

14.500 

3.480 

15 
3-6 

— 

11,020 

II-4 

9-8 
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Combustion  of  i  lb.  of  Hydrogen. 


Heat  UniU. 

Equivalent  Evapo- 
ration ofWater. 

At  2i2<»  F.  1  At  6o«  F. 

Total  heat  of  combnstioD     .... 
Latent  heat  of  water  vapour     .     .     . 

Available  heat 

Waste  heat  of  furnace  gases    .     .     . 

Effective  heat 

62,032 
8,695 

64-2 

mm^  m 

53,337 
11,520 

11*9 

41,817 

423 

38 

The  following  are  the  results  obtained  per  lb.  of  two  kinds 
of  liquid  fuel,  A  and  B : — 

A  containing  86  per  cent,  carbon  and  14  per  cent,  hydrogen. 
S         i»  75        »»  >»  *5       »  >» 


A. 


Carbon.       Hydrogen. 

Total  Heat  of 

Equivalent  Evapora- 
tion of  Water. 

At  212'  F. 

At6o*F. 

•86                                        X  14500=     12470 
•14                   X  62032  =       6684 

21154 

21'9 

i8-8 

Furnace  Gases. 

Heat  units  in 
Furnace  Gases. 

2*2 

lbs. 
Carbonic  acid    .                   3*16 
Water  vapour    .                   1*26 
Nitrogen  .                          11*45 
Surplus  air                 .        I4*37 

3074 

411 

359 
1683 

2124 

4577 

4-8 

Total  heat  of  combustion  . 
Latent  heat  of  water  vapoui 

21154 
1217 

i-3 

4-8 
158 

136 

Available  heat  .... 
Waste  in  furnace  gases 

Effective  heat    .... 

19937 
4577 

15360 

Theoretical  evaporating  power . 

•                •                • 

21*9 

LIQUID  FUEL. 
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B. 


Carbon.       Hydrogen. 

Total  Heat  of 

Equivalent  Evapora- 
tion of  Water. 

At  2I2«  F. 

At6o»F. 

•75                                 X  14500  =    10775 
•25                   X  62032  =     15508 

26283 

271 

23-1 

Furnace  Gases. 

Heat  units  in 
Furnace  Gases. 

2-6 

lbs. 
Carbonic  acid   .                  2*75 
Water  vapour  .                   2*25 
Nitrogen  .                          13-39 
Surplus  air                        17 '39 

3578 

358 
641 

1968 
2483 

5450 

1 
Total  heat  of  combustion  .                         26283 
Latent  heat  of  water  vapour                        2174 

Available  heat 24109 

Waste  in  furnace  gases     .                          5450 

Effective  heat 18659 

2-2 

5-6 
193 

16-6 

Theoretical  evaporating  power . 

.          •          • 

27*1 

Holden's  System  of  UsiDg  Liquid  Fuel  on  Loo6mo- 
tive  and  Stationary  Boilers. — By  this  system  liquid  fuel 
and  air  are  introduced  into  the  fire-box  above  a  thin  layer  of 
solid  incandescent  fuel  by  means  of  a  special  injector,  Fig.  38, 
and  burnt  in  combination  with  the  solid  fuel,  without  any 
alteration  of  the  fire-box,  other  than  the  insertion  of  one  or 
more  tubes  through  the  casings,  the  boiler  so  fitted  being 
equally  suitable  for  the  use  of  ordinary  fuel.  The  use  of  this 
method  results  in  effectual  combustion,  entire  absence  of 
smoke,  intense  and  regular  heat,  and  great  economy  of  fueL 
Slack,  inferior  coal,  lignite,  cinders,  wood,  peat,  or  sawdust 

N 
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may,  with  equally  good  results,  be  used  as  solid  fuel.    The  air 
necessary  for  combustion,  not  having  to  be  introduced  through 


Fio.  37.— Statioh; 


FlO.  j8.— HOLHIH*'    LtQUlD-FuiL  lnjICIOB, 


— LOCOUOTIVI  Patiiwi. 


the  fire,  a  very  small  amount  of  draught  is  required,  and  in  the 
case  of  locomotives,  the  orifice  of  the  blast  pipe  may  advan- 
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tageously  be  enlarged  from  50  to  60  per  cent,  thus  reducing 
the  wear  and  tear  of  the  fire-box,  tubes,  smoke-box,  and 
chimney,  preventing  the  emission  of  sparks  and  ashes,  and 
conducing  to  economic  and  efficient  working  by  the  diminu- 
tion of  back  pressure. 

The  steam  pressure  in  a  boiler  fitted  with  the  apparatus  can 
be  regulated  with  great  nicety,  as  the  solid  fuel  required  is  only 
sufficient  to  form  a  base  for  ignition,  and  the  steam  pressure 
can  be  promptly  increased  or  reduced  by  varying  the  quantity 
of  liquid  fuel.  For  locomotives  this  is  specially  advantageous, 
as,  in  the  case  of  an  exceptionally  heavy  load,  strong  wind, 
adverse  gradient,  or  an  engine  employed  piloting  or  shunting, 
a  good  supply  of  steam  can  be  quickly  ensured  and  easily 
maintained.  On  the  other  hand,  if  an  engine  is  suddenly 
stopped  by  signals,  or  has  to  put  by  for  other  trains  to  pass,  the 
generation  of  steam  can  be  immediately  stopped. 

In  the  event  of  tubes  or  stays  leaking,  or  an  engine  having 
to  face  a  bank  towards  the  end  of  a  journey  when  the  fire  is 
low,  steam  can  be  maintained  and  the  train  worked  with  the 
help  of  liquid  fuel,  when  without  it  it  would  probably  lose  time 
and  come  to  a  stand. 

It  is  therefore  submitted  that  even  in  cases  where  the  rela- 
tive cost  of  coal  and  liquid  fuel  is  in  favour  of  coal  burning, 
the  advantages  to  be  derived  from  the  system  are  sufficient  to 
render  its  adoption  desirable  as  a  supplementary  means  of 
meeting  any  exceptional  demands  upon  the  engine.  For 
results  obtained  by  this  system  see  page  185. 


GASEOUS  FUELS. 

The  great  progress  that  has  recently  been  made  in  the  manu- 
facture and  application  of  gas  suitable  for  fuel,  metallurgical 
and  domestic  heating  purposes,  &c.,  necessitates  a  ready  me- 
thod by  which  its  analysis  and  heating  power  can  be  quickly 
deduced  with  fair  practical  accuracy. 

For  the  very  accurate  and  scientific  analysis  of  complex  gas 
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mixtures,  delicate  processes,  such  as  Franldand  and  Ward's, 
would  have  to  be  resorted  to,  which  would,  generally  speaking, 
be  far  too  tedious  and  elaborate  for  practical  working  purposes. 
In  metallurgical  works,  water-gas  Works,  &c.,  it  is  often  neces- 
sary to  have  several  complete  technical  analyses  of  gas  in  a 


nngle  day,  in  order  to  give  an  idea  of  the  economic  working 
of  processes,  &c. 

The  apparatus  which  seems  to  commend  itself  for  quick 
working  and  reasonable  accuracy  is  that  devised  by  Elliot,  of 
which  a  sketch  is  here  given,    b.  Fig.  40,  is  a  tube  gradaated  to 
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100  cc  in  iVth  cc.  The  stop-cock  i  is  a  three-way  tube  with  a 
delivery  tube  through  its  stem.  The  bottles  k  and  l  hold  about 
a  pint  each,  m  is  a  portable  funnel  ground  to  fit  above  f  and 
holds  60  cc.     E  is  a  rubber  tube  joining  a  and  b. 

Before  starting  an  analysis,  the  tubes  a  and  b  are  filled  with 
water  from  the  bottles  k  and  l,  by  the  manipulation  of  the  stop- 
cocks c,  F,  and  I ;  when  water  rises  into  the  funnel  m,  and  all 
air  eliminated,  f  and  g  are  turned  off,  the  funnel  m  removed, 
and  the  tube  containing  the  gas  for  analysis  attached  in  its  place ; 
the  bottle  l  is  now  slowly  lowered  and  stop  f  closed ;  remove 
the  gas  tube  from  f,  replace  the  funnel  m,  raise  the  bottle  l, 
lower  the  bottle  k,  and  open  the  stop-cock  g.  The  gas  is  thus 
driven  into  the  graduated  tube  b.  Lower  the  bottle  k  so  that  the 
level  of  the  water  therein  is  in  a  line  with  the  zero  mark  d.  The 
gas  i&  then  adjusted  to  the  zero  mark  d  by  the  bottle  l,  the  stop- 
cock G  closed,  and  the  temperature  and  pressure  recorded. 

When  the  surplus  gas  has  been  displaced  from  the  tube  a  by 
raising  L  and  opening  f,  by  manipulating  the  bottles  and  stop- 
cocks the  gas  is  now  drawn  into  a.  Close  the  cocks,  lower  the 
bottle  L,  and  fill  the  funnel  m  with  a  10  £  solution  of  potassic 
hydrate.  Cautiously  open  f  and  allow  the  liquid  to  flow  into 
the  tube  a,  always  leaving,  however,  about  10  cc.  in  m.  On 
allowing  to  stand  until  no  further  diminution  in  volume  occurs, 
due  to  the  absorption  of  carbonic  acid  (COa)  present  in  the  gas, 
the  residual  gas  is  transferred  to  the  tube  b  and  measured, 
the  temperature  and  pressure  being  noted;  the  loss  on  the 
original  volume  is  COi.  Empty  the  tube  a,  wash  out  with  water, 
and  refill  with  water  as  before.  The  gas  from  b  is  transferred  to 
it,  the  funnel  m  is  half  filled  with  water,  and  a  few  drops  of 
bromine  added ;  this  is  run  into  the  tube  until  fumes  of  bromine 
are  seen  to  be  mixed  with  the  gas. 

On  allowing  to  stand  until  no  further  contraction  occurs,  due 
to  the  absorption  of  ethylene  and  other  illuminants,  some  of 
the  potash  used  for  the  absorption  of  the  CO3  is  added ;  this 
absorbs  the  excess  of  bromine.  When  this  is  complete  the  gas 
is  measured  as  before,  the  loss  in  volume  being  put  down  to 
illuminants. 
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After  A  has  been  cleared  out  and  refilled  with  water,  the  gas 
is  again  brought  into  it  as  before ;  the  funnel  m  is  filled  with  a 
solution  of  8  £  potassic  hydrate,  to  which  has  been  added 
about  3  per  cent,  of  pyrogallic  acid ;  this  is  run  into  the  tube 
and  the  gas  allowed  to  remain  over  it^  until  any  oxygen 
present  is  completely  absorbed;  it  is  then  measured,  loss 
=  oxygen.  Clean  out  a,  withdraw  the  gas  from  b  into  it,  fill 
M  with  10  E  hydrochloric  acid,  containing  25  per  cent,  of 
cuprous  chloride,  and  allow  to  stand  till  no  further  diminution 
in  volume  occurs,  and  measure  as  before ;  the  loss  is  due  to 
carbonic  oxide  (CO). 

The  residual  gas  may  now  contain  marsh  gas,  hydrogen,  and 
nitrogen ;  and  to  determine  the  proportion  of  these  it  will  be 
necessary  to  explode  them  with  oxygen  by  an  electric  spaxk. 
This  is  accomplished  by  means  of  the  explosion  tube.  Fig.  41, 
graduated  to  100  cc.  in  iV  cc.  to  within  2  inches  from  £,  the 
stop-cock  B  being  the  zero  point.  The  funnel  a  is  portable  as 
M  in  Fig.  40 ;  at  c  there  are  two  platinum  wires  fused  in,  which 
are  connected  with  an  induction  coil.  The  bent  tube  h  is 
made  to  fit  over  the  stop-cock  b  when  the  funnel  a  is  removed, 
which  serves  to  facilitate  the  transfer  of  gas.  Before  starting, 
remove  the  funnel  m  in  the  absorption  tube,  and  fix  in  its  place 
a  bent  tube  like  H.  The  gas  having  been  transferred  to  a,  the 
explosion  tube  is  placed  near  it^  and  the  bent  tube  h  is  attached 
to  a  piece  of  rubber  tube,  long  enough  to  reach  to  the  corre- 
sponding bent  tube  of  the  explosion  tube. 

The  explosion  tube  is  now  filled  with  water  from  the  bottle  g, 
to  the  end  of  the  tube  h  over  the  stop-cock  b.  Fill  the  piece 
of  tubing  with  water,  and  connect  the  two  bent  tubes  h  with  it. 
Now  turn  the  three-way  cock  i,  so  that  the  bottom  of  the  tube  a 
is  closed.  Now  open  b  and  f,  and  by  the  aid  of  the  bottles  draw 
in  20  cc.  of  the  gas  into  the  explosion  tube,  manipulating  with 
the  bottle  G,  and  close  the  stop-cocks.  Connect  the  inlet  tube 
E  with  a  gas-holder  of  oxygen  under  pressure,  and  introduce 
about  20  cc.  into  the  tube,  and  mix;  level  off  and  note 
volume.  Place  the  bottle  g  below  f  to  expand  the  gases,  pass 
the  spark,  and  with  a  click  the  explosion  is  complete.    Allow 
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the  flush  of  heat  to  debate,  and  observe  the  contraction  after 
levelling  with  g. 

By  removing  the  bent  tube  H  and  fixing  on  the  funnel  a,  the 
amount  of  CO3  produced  can  be  ascertained  by  introducing 
the  solution  of  potassic  hydrate,  and  observing  the  diminution 
in  volume.  The  formula  for  the  calculation  of  the  proportion 
of  hydrogen,  marsh  gas,  and  nitrogen  present  in  the  20  cc.  of 
residual  gas  taken  (which  must  afterwards  be  calculated  on  the 
original  gas  taken),  becomes  : — 

Lei  A  r=  original  vo'uoie ; 

C  =  contraction ; 

D  ^  carbonic  acid  formed ; 

X,  Y,  Z  =  H,  CH4,  and  N  respectively; 

then— 

3 
Y=    D 

^_3A-2C  +  D 
3 

In  working  with  the  apparatus,  the  analysis  should  be  per- 
formed in  a  room  where  the  temperature  would  remain  uniform 
during  the  analysis,  and  care  should  be  taken  that  the  water, 
chemicals,  &c.,  are  at  the  same  temperature  as  the  room. 

Inasmuch  as  a  complete  analysis  can  be  made  by  this  pro- 
cess in  the  course  of  an  hour,  the  temperature  and  pressure,  if 
suitable  precautions  be  taken,  would  rarely  be  altered  during 
the  readings ;  and  the  original  gas  being  usually  saturated  with 
moisture,  no  correction  would  be  necessary  for  the  tension  of 
aqueous  vapour,  since  it  is  measured  over  water. 

Estimation  of  Solphiir  in  Gaseous  Fuel. — It  is  quite  as 
important  that  gases  intended  for  heating  purposes  should  con- 
tain the  least  possible  quantity  of  sulphur  as  coals,  cokes,  &c. 
The  condition  in  which  the  sulphur  exists  in  gaseous  fuels  is 
of  secondary  importance,  since  the  ultimate  product  of  com- 
bustion is  usually  the  same,  Yiz.^  Sulphurous  Anhydride  (S0^\ 
so  that  it  will  be  necessary  to  estimate  total  sulphur  only,  and 
not  to  determine  the  amounts  of  sulphuretted  hydrogen,  bi- 
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sulphide  of  carbon,  &c.,  separately.  The  best  practical  method 
the  writer  is  acquainted  with  for  the  determination  of  the  total 
sulphur  is  that  devised  by  the  late  Dr.  Letheby,  the  principle 
of  which  is  that  a  known  volume  of  gas  is  burnt  in  an  atmo- 
sphere of  air  and  ammonia.  The  sulphurous  anhydride  thus 
produced  is  neutralized  by  the  ammonia,  forming  sulphite 
and  sulphate  of  ammonia,  which  is  condensed,  dissolved 
in  water,  the  sulphite  oxidized  to  sulphate  by  chlorine 
water,  and  the  sulphur  precipitated  by  Baric  chloride,  and 
estimated  in  the  usual  manner.  This  process  is  the  one 
adopted  by  the  Metropolitan  Gas  Referees  for  the  determina- 
tion of  sulphur  other  than  sulphuretted  hydrogen  in  illuminat- 
ing gas.  In  this  case  the  sulphuretted  hydrogen  is  absorbed 
by  acetate  of  lead  papers,  and  any  ammonia  that  is  present  is 
absorbed  by  sulphuric  acid  contained  in  a  tube  filled  with 
glass  beads  previous  to  the  process  about  to  be  described. 

Dr,  Leihehy's  Process  for  the  Determination  of  Total  Sul- 
phur.— The  apparatus  employed  for  this  method  is  represented 
in  Fig.  42.  It  consists  of  the  meter  a,  by  which  the  volume  of 
gas  taken  for  the  estimation  is  ascertained  ;  b  a  Bun  sen  burner 
with  a  steatite  top,  with  a  receptacle  for  pieces  of  sesqui- 
carbonate  of  ammonium.  C  is  a  condensing  funnel  or  trumpet- 
tube,  and  connected  with  the  cylinder  d  filled  with  glass  beads, 
and  which  serves  to  complete  the  condensation  of  the 
ammonium  sulphate,  &c.,  produced.  In  the  bottom  of  the 
cylinder  is  fixed  a  small  glass  tube  through  which  the  liquid 
(formed  during  the  testing)  drops  into  the  beaker  c,  placed 
underneath. 

When  all  is  fixed  ready  for  testing,  as  in  sketch,  and  small 
pieces  of  pure  sesquicarbonate  of  ammonium,  weighing  in  all 
about  two  ounces,  have  been  placed  between  the  narrow  stem 
of  the  burner  and  the  trumpet-tube,  the  gas  is  made  to  flow 
through  the  meter  at  the  rate  of  half  a  cubic  foot  per  hour,  and 
is  lit  at  the  Bunsen  burner.  When  10  cubic  feet  have  passed 
through,  the  gas  is  turned  off,  and  the  average  temperature  and 
pressure  observed.  The  cylinder  D  and  the  tube  c  are  then 
washed  out  with  distilled  water  into  the  beaker  Q.    To  the 
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total  liquid  is  now  added  a  little  chlorine  water  to  oxidize  any 
sulphite  present  into  the  state  of  sulphate.  The  liquid  is  now 
boiled,  acidulated  with  pure  hydrochloric  acid,  and  the  sulphur 
precipitated  with  Baric  chloride  and  estimated  as  described  on 
page  135.  Of  course  it  will  be  necessary  to  correct  the 
obserred  10  cubic  feet  of  gas  to  the  standard  temperature 


and  pressure,  viz.,  60°  F.  (iS'5°  C.)  and  30"  or  760  mm.  of 
mercury  (vide  page  129)- 

It  may  here  be  added  that  the  maximum  amount  of  sulphur 
other  than  sulphuretted  hydrogen  allowed  by  the  Gas  Beferees 
is  22  grains  of  sulphur  in  every  100  cubic  feet  of  gas. 
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Calorifio  Value  of  Gaseous  Fuels. — The  absolute  heat- 
ing effect  (A)  of  a  gaseous  fuel  containing  carbonic  acid, 
hydrogen,  marsh  gas,  olefiant  gas,  nitrogen,  carbonic  acid,  and 
aqueous  vapour,  Bunsen  deduces  by  the  following  formula. 
Granting  that  one  part  of  carbonic  oxide  combines  with  0*57 
parts  of  oxygen ;  i  part  of  hydrogen  with  8  of  oxygen ;  i  part 
of  marsh  gas  with  4  of  oxygen ;  i  part  of  olefiant  gas  with  3  43 
parts  oxygen ;  and  that  the  combustion  of  i  part  marsh  gas 
forms  2*25  parts  of  water ;  and  i  part  of  olefiant  gas  1*29  parts 
of  water : — 

A  =  3ooo[a:.  i.<>.  57  +  I'5  .  A.8  +  ri  .^.4+  1-17  .  <> .  3'43] 
-  550  [^  •  *  •  +  225  •  g  +  "'29  -o  +  w] 

Where  K  =  amount  of  Carbonic  Oxide  (CO) 


A  = 

ft 

Hydrogen           (H) 

^  = 

i> 

Marsh  gas          (CH4) 

0  ^z 

ft 

Olefiant  gas       (C3H4) 

n^ 

»» 

NHrogm             (N) 

w  = 

»> 

Aqueous  vapour  (OH  ) 

k  = 

tt 

Carbonic  acid     (CO3) 

The  co-efficient  of  intensity  for  carbonic  oxide  is  expressed 
by  X,  as  it  remains  doubtful  whether  it  is  1*44  or  1*1. 

For  the  pyrometric  heating  effects  of  gaseous  fuel  burnt  in 
air  the  following  formula  is  used.  Assuming  that  i  part  of 
carbonic  oxide  is  converted  into  1*57  parts  of  carbonic  acid  ; 
I  part  of  marsh  gas  into  275  parts  of  carbonic  acid  and  2*25  of 
water ;  and  i  part  of  olefiant  gas  gives  3*14  parts  of  carbonic 
acid  and  1*29  parts  of  water  :— > 


Q(K)S  +  Q(ze;}S'  +  Q(;.)S" 
Q(K)  =  K  +  1-57  .  k  +  275  .  ^  .  +  3-14  .  0 
Q{w)  =  ic  -f-  9  .  A  4-  225  ,  g  +  i'29  .  o 
Q[n)  =  «  +  333  (^  .  57  .  *  +  8  .  A  +  4  •  ^+  3'43  •  «) 

SS'S"  =  specific  heats  of  CO2,  OH2,  and  N  respectively.  A 
much  higher  temperature  would  be  produced  if  burnt  in  pure 
oxygen,  as  the  following  calculation  by  the  above  formula 
shows  : — 
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In  oxygen. 

In  air. 

Carbon        .        •        • 

.     9873**  c. 

2458' 

Carbonic  oxide    . 

7067 

3042 

Olefiant  gas 

.        9187 

54"3 

Marsh  gas  . 

.        7857 

5329 

Hydrogen   . 

8061 

3259 

As  a  general  rule  the  amount  of  heat  generated  by  a  com- 
pound substance  is  less  than  that  which  is  given  out  by  its 
individual  constituents  on  combustion,  although  not  uniformly 
so ;  and  it  appears  that  polymeric  bodies  (substances  which 
have  the  same  percentage  composition  but  which  contain  a 
different  number  of  atoms  in  their  molecule)  give  out  different 
amounts  of  heat  The  following  table  indicates  the  amount  of 
heat  given  out  by  the  Hydrocarbons  polymeric  with  olefiant 
gas. 

Heat  Units. 
OleHantgas    .        .        .    Cs  H4    .  .     11858 


Aroylene 

.     C5  xiio   •         • 

11491 

Paramylene    . 

.        .    Cio  H30  •        • 

"303 

Cetene    . 

.    C16  Has  . 

.     1105s 

Metamylene    . 

.    C20  H40  •        • 

.     10928 

Method  of  ascertaining  the  Thkrmic  Value  of  a  Gas 

compared  with  coal. 

{Ford,  your,  L  and  S.  Inst) 

A  natural  gas  from  the  Pittsburg  district  has  the  following 
average  chemical  composition  : — 


Carbonic  acid 

0'6o  per  cent 

Carbonic  oxide    . 

o*6o      „ 

Oxygen 

080      „ 

Olefiant  gas 

foo      „ 

Ethylic  hydride  . 

500      „ 

Marsh  gas  . 

67-00      „ 

Hydrogen  • 

22*00        „ 

Nitrogen     . 

yOO        1, 

Now  by  the  specific  gravity  of  these  gases  we  find  that  100 
litres  of  this  gas  will  weigh  64*8585  grms.,  thus : — 
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Marsh  gas 

67*0  litres 

weighs  48*0256  ] 

gri] 

Oleflant  gas 

i-o    „ 

It 

12534 

Ethylic  hydride 

S'O    » 

9» 

67200 

Hydrogen  . 

220    „ 

tt 

1*9712 

Nitrogen   . 

yo   „ 

ft 

37632 

Ciirbonic  acid 

•6    „ 

»» 

1-2257 

Carbonic  oxide  . 

•6    „ 

>* 

0*7526 

Oxygen 

•8    „ 

*> 

1*1468 

Total      •        .        .        .        64*8585 


t* 


Then  if  we  take  the  heat  units  of  these  gases,  we  will  find 

Marsh  gas        •        48*0256  grms.  contain  627,358  heat  units. 
Olefiant  gas     •  1*2534  n  14.910 


ti 
)* 


Ethylic  hydride  6*7200  „  77*679 

Hydrogen       .  1*9712  „  67,929 

Carbonic  oxide  7526  ,,  1,808 

Nitrogen          .  3*7630  ,,  —            „ 

Carbonic  acid .  1*2257 

Oxygen  .  1*1468 


i»  »» 


648585  »  789,694 


If 


64*858  grams  are  almost  exactly  1,000  grains,  and  i  cubic  ft. 
of  this  gas  will  weigh  267*9  grains;  then  the  100  litres  or 
64 "8585  grams  or  1,000  grains  are  3*761  cubic  ft. 

3*761  cubic  ft.  of  this  gas  contain  709,694  heat  units,  and 
1,000  cubic  ft.  will  contain  210,069,604  heat  units.  Now 
1,000  cubic  ft.  of  this  gas  will  weigh  265,887  grains,  or  38  lbs. 
avoirdupois. 

We  find  that  64*8585  grms.  or  1,000  grains  of  carbon  con- 
tain 524,046  heat  units,  and  265,887  grains  or  38  lbs.  of  carbon 
contain  139.398,896  heat  units.  Then  57*25  lbs.  of  carbon 
contain  the  same  number  of  heat  units  as  1,000  cubic  ft.  of  the 
natural  gas,  viz.,  210,069,604. 

Now,  if  we  say  that  coke  contains  in  round  numbers  90  per 
cent,  of  carbon,  then  we  will  have  62*97  lbs.  of  coke  equal  in 
heat  units  to  1,000  cubic  ft.  of  natural  gas. 

Then,  if  a  ton  of  coke,  or  2,000  lbs.,  cost  los.,  62*97  lt>s. 
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will  cost  4d.,  or  1,000  cubic  ft.  of  gas  is  worth  4d.  for  its 
heating  power. 

We  will  now  compare  the  heating  power  of  this  gas  with 
bituminous  coal,  taking  as  a  basis  a  coal  slightly  above  the 
general  average  of  the  Pittsburg  coal,  viz. — 


Carbon 

■                •                • 

8275  per  cent. 

Hydrogen 

•                • 

531      p, 

Nitrogen 

>                •               •               « 

i'04      „ 

Oxygon 

•               •                • 

4-64      1, 

Ash    . 

•                •               • 

531      i> 

Sulphur 

•                «               • 

0-95      M 

We  find  that  38  lbs.  of  this  coal  contain  146,903,820  heat 
units.  Then  54*4  lbs.  of  this  coal  contain  212,069,640  heat 
units,  or  54*4  lbs.  of  coal  are  equal  in  its  heating  power  to 
1,000  cubic  ft.  of  natiural  gas.  If  our  coal  costs  us  5s.  per  ton 
of  2,000  lbs.,  then  54*4  lbs.  will  cost  1*632  pence,  and  1,000 
cubic  ft.  of  gas  will  be  worth  for  its  heat  units  1*632  pence. 

As  the  price  of  coal  increases  or  decreases,  the  value  of  the 
gas  will  naturally  vary  in  like  proportions.  Thus  with  the 
price  of  coal  at  los.  per  ton,  the  gas  will  be  worth  3*264  pence 
per  1,000  cubic  ft. 

If  54*4  lbs.  of  coal  be  equal  to  1,000  cubic  ft  of  gas,  then 
X  ton,  or  2,000  lbs.,  will  be  equal  to  36,764  cubic  ft.  or  2,240 
lbs.  of  coal  will  be  equal  to  40,768  cubic  ft.  of  natural  gas. 

If  we  compare  this  gas  with  anthracite  coal,  we  find  that 
1,000  cubic  ft.  of  gas  are  equal  to  58*4  lbs.  of  this  coal,  and 
2,000  lbs.  of  coal  are  equal  to  34.246  cubic  ft.  of  natural  gas. 
Then  if  this  coal  costs  26s.  per  ton,  1,000  cubic  ft  of  natural 
gas  will  be  worth  9  id.  for  its  heating  power. 

Hartley's  Calorimeter  for  Obtaining  the  Fraotieal 
Calorific  Value  of  Gaseous  Faels. — A  practical  method 
which  will  at  once  convey  an  idea  of  the  amount  of  heat  that 
a  given  gas  will  produce  on  combustion  has  been  invented  by 
Hartley,  and  gives  results  which,  for  a  consumer,  would  be 
found  as  accurate  as  need  be  desired.    In  this  process  a  given 
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volume  of  gas  is  gradually  burnt  completely,  and  the  heat 
given  out  is  imparled  to  a  known  volume  of  water  at  an 
observed  temperature,  and  from  the  increase  in  temperature 
produced,  the  heating  power  may  be  calculated. 


Fig.  43  is  a  sketch  of  the  apparatus  made  by  Messrs.  Alex. 
Wright  &  Co.,  Westminster. 

A  is  a  small  cistern  from  which  the  water  it  contains  flows 
over  a  delicate  thermometer  in  the  tube  b,  and  from  thence 
through  tubing  into  a  case  surrounding  the  stem  of  a  special 
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burner  c,  after  which  it  traverses  a  jacket  surrounding  the 
calorimeter  d,  then  makes  its  way  to  the  top  of  d,  and  after- 
wards descends  through  a  series  of  shelves  exposing  a  very 
large  surface,  and  eventually  flows  into  the  receiving  tank  j. 

The  gas  is  measured  by  the  meter  m,  and  its  rate  of  con- 
sumption and  the  rate  of  the  water  flow  are  regulated  until  it 
be  observed  that  the  outflowing  water  is  a  few  degrees  higher 
in  temperature  than  when  it  enters,  and  the  temperatures  indi- 
cated by  the  four  thermometers  used  are  found  to  be  steady. 
The  water  during  these  adjustments  is  made  to  run  away  by  a 
bye-way  cock. 

When  all  is  ready  for  an  experiment  and  the  meter  index  at 
zero,  the  bye-way  cock  is  turned  ofi*  and  the  water  made  to 
flow  into  the  receiving  tank. 

The  quantity  of  gas  usually  burnt  in  each  test  is  ^  cubic 
foot,  and  occupies  from  10  to  iz  minutes. 

When  the  i  cubic  foot  of  gas  has  been  burnt  the  water  is 
turned  off",  and  the  increase  in  temperature  of  the  water  in  the 
receiver  j  observed,  and  its  weight  taken.  The  weight  of 
water  multiplied  by  the  increase  in  temperature  gives  the  heat- 
ing value  of  a  :^  cubic  foot  of  gas. 

Thus  if  21  lbs.  of  water  have  been  raised  9°  F.  by  J  cubic 
foot  of  gas,  then  21x9x4=  756*  F.  units  for  i  cubic  foot 
of  gas.  Of  course  the  temperature  and  pressure  correction 
must  be  made,  and  also  loss  of  heat  by  conduction  in  the 
receiving  tank,  &c.,  added  to  the  increase  in  temperature. 
This  figure  is  determined  once  for  all  by  observing  the  loss  of 
heat  that  takes  place  when  a  known  weight  of  water  at  a  tem- 
perature of  several  degrees  above  that  of  the  atmosphere  is 
placed  in  the  tank. 

Speoifio  Qravity  of  Qases. — The  specific  gravity  of  a  gas 
used  for  heating  purposes,  &c.,  is  of  some  value,  since  by  its 
means  an  idea  can  be  obtained  of  its  economic  production. 
The  higher  the  temperature  used  to  decompose  coal,  shale 
oil,  &c.,  the  lower  will  the  density  of  the  resulting  gases  be, 
owing  to  the  decomposition  of  the  heavier  hydrocarbons  with 
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the  deposit  of  carbon  and  formation  of  hydrogen  and  light 
hydrocarbons. 

Dr.  Ldheby^s  Method  of  Determining  the  Specific  Gravity, — 
The  apparatus  used  for  this  method  is  shown  in  Fig.  44.    It 
consists  of  a  glass  globe  about  6  inches  in  diameter,  furnished 
with  two  stop-cocks,  to  one  of  which  is  attached  a 
tube  7  inches  long  and  \  inch  in  diameter,  into 
which  is  fitted  a  thermometer  and  a  jet  for  burning 
the  gas.    The  other  stop-cock  is  to  be  attached  to 
a  nozzle  of  the  gas  supply,  and  the  gas  allowed 
to  flow  through  the  apparatus  and  burnt  at  the  jet 
until  all  air  is  expelled.   When  this  is  accomplished 
the  supply  cock  is  first  turned  off  and  then  the 
upper  one  immediately  afterwards,  and  the  tem- 
peratiure  and  atmospheric  pressure  observed.    The 
weight  of  the  globe  when  filled  with  dry  air  at 
Fio.  44.      iS'l^  C.  (=  60°  F.)  and  760  mm.  pressure  is  en- 
graved upon  it  and  a  counterpoise  weight  is  pro- 
vided exactly  equal  to  the  weight  of  the  globe  when  exhausted. 
The  globe  is  placed  on  a  delicate  balance,  and  the  weight 
required  in  addition  to  the  counterpoise  noted. 

Suppose  that  the  weight  required  is  '995  gram  and  that  the 
gas  was  dry,  and  the  temperature  was  60^  F.  and  pressure 
760  mm.,  and  that  the  globe  holds  2*285  grams  of  dry  air  at 
this  temperature  and  pressure,  then  the  specific  gravity  of  the 
gas  would  be:— 

OQ9S 

But  it  is  very  rarely  that  the  gas  is  weighed  at  the  same  tem- 
perature and  pressure  as  the  original  air,  and  moreover  the  gas 
is  usually  moist  Corrections  are,  therefore,  necessary  to  bring 
it  under  the  same  conditions.  The  following  is  an  example 
how  these  corrections  are  made  : — 

We  shall  assume  that  the  globe  holds  2*285  gn^s.=  1867*54 
cc.  of  dry  air  at  i5"S°  C.  and  760  mm. 

The  weight  of  the  moist  gas  collected  at  a  temperature  of 
17°  C.  and  a  pressure  of  755  mm.  was  1*050  grams. 


lux's  balance.  i6i 

It  is  first  necessary  to  reduce  the  volume  of  gas  to  iS"5°  C. 
and  760  mm. 

Now  all  gases  increase  practically  tIt  part  of  their  volume 
through  each  **  C.  heated,  and  the  volume  of  a  gas  is  inversely 
as  the  pressure  upon  it.  The  tension  of  aqueous  vapour  in- 
creases with  the  temperature.  The  tension  of  aqueous  vapour 
at  a  temperature  of  17^  C.  is  equal  to  a  pressure  of  14*42  mm. 
of  mercury  (see  table,  page  386),  and  in  calculating  the  normal 
volume  this  figure  must  be  subtracted  from  the  observed  atmo- 
spheric pressure,  so  that,  applying  the  above  principles,  the 
volume  of  gas  at  15 '5**  C.  and  760  mm.  becomes  : — 

Y—  '-^67-5  X  (tS'S  +  273)  X  (755  —  '4-4^) 

(17  +  273)  X  760 

=  i8io'4i  cc. 

Now  1785786  cc.  of  the  gas  at  I5'5°  C.  and  760  mm.  weigh 
I '050  grams,  and  the  globe  has  a  capacity  of  186 7 '543  cc. 

Then  the  specific  gravity  of  the  gas  at  15*5°  C.  and  760  mm. 
becomes  : — 

1867  54  X  1-05    _oM7A 
181041  X  2-285  ~ 

The  Lux  Speciflo  Gravity  Balance.* — An  apparatus  in- 
vented by  Mr.  Friedrich  Lux  for  the  automatic  determination 
of  the  specific  gravity  of  gases  is  now  coming  much  into  use, 
especially  on  the  Continent.  Fig.  45  is  a  sketch  of  the  appa- 
ratus. It  will  be  seen  that  it  is  constructed  on  the  principle 
of  the  common  lever  balance,  with  a  curved  scale  c,  attached. 
The  scale  is  graduated  from  o  to  i,  and  the  pointer  d,  moving 
in  close  proximity  to  it,  enables  the  direct  observation  of  the 
gas  under  examination  to  be  made.  The  globe  a  holds  2 
litres  and  is  connected  to  the  gas  supply  by  the  tube  f,  the  gas 
thus  passing  through  the  tube  g  into  the  globe  and  hence 
through  the  tube  b,  where  it  may  be  burnt.  The  radiating 
heat  from  the  flame,  burning  gas  at  the  rate  of  2  cubic  feet  per 

•  Can  be  obtained  from  Alex.  Wright  8c  Co.,  MiUbank  Street,  West- 
minster, S.W. 

o 
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hour,  exercises  no  appreciable  difference  on  the  gas  in  the 
globe. 

The  adjustment  of  the  gas  balance  is  made  at  15^  C,  and 
760  mm.  pressure. 

Before  commencing  the  experiment  the  pointer  d  is  adjusted, 
by  means  of  the  counterpoise  s,  until  it  rests  at  i  on  the  scale. 
The  gas  is  now  turned  on  and  allowed  to  flow  through  the 


Fig.  45. 


globe  for  about  ten  minutes,  when  all  air  will  be  found  to  have 
been  displaced.  The  exact  reading  is  then  taken,  together 
with  the  temperature  and  pressure. 

In  very  accurate  determinations  it  must  be  remembered  that 
in  calculating  the  true  specific  gravity  of  the  gas,  the  gas  in  the 
balance  and  the  surrounding  atmosphere  becomes  compressed 
by  the  increase  of  atmospheric  pressure.  Consequently,  since 
the  weight  of  the  air  is  greater  than  that  of  ordinary  lighting 
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gas,  it  follows  with  an  increase  of  pressure,  one  side  of  the 
balance  becomes  lighter  to  the  amount  of  the  diflference,  and 
viceversA  as  the  pressure  decreases.  In  calculating  the  gravity 
of  ordinary  gas  with  a  specific  weight  between  0-400  and  0*500, 
it  will  be  found  sufficiently  accurate  for  practical  purposes  to 
add  or  deduct  for  every  millimeter  of  pressure  above  or  below 
760  so  many  times  the  equivalent  '0007  ;  and  as  many  degrees 
as  the  temperature  at  the  time  of  observation  is  more  or  less 
than  15°  C,  must  be  multiplied  by  '002  and  deducted  or 
added  as  the  case  may  be. 

The  following  is  an  example : — 

Temperature  of  gas,  30®  C. 

Pressure,  788  mm.  Observed  gravity  0*4350 

30  -    15  =  15  -002  X  15  =  -0300 

788  —  760  =  28  -0007  X  28  =  -0196 

*oi04        0*0104 


Real  sp.  gr.  =  '4246 

On  examining  crude  gases,  which  may  contain  liquid  hydro* 
carbon,  tar,  &c.,  in  suspension,  it  would  be  well  to  pass  the 
gas  through  a  tube  containing  cotton  wool  previous  to  its  ad- 
mission into  the  globe. 


Chimney  Draught. — To  obtain  an  effective  draught  in  a 
given  chimney  there  should  be  a  certain  temperature  of  cold 
air  used  for  combustion  ;  this  can  be  obtained  by  calculation, 
and  it  has  been  found  that  the  best  chimney  draught  is  obtained 
when  the  ratio  of  the  temperature  of  the  chimney  gases  to  the 
external  air  is  as  25  to  12.  So  it  will  be  seen  that  this  neces- 
sary heat  required  for  the  production  of  suitable  draught  means 
a  great  reduction  in  the  intrinsic  evaporative  value  of  fuel. 

On  locomotives,  where  the  size  of  the  chimney  does  not 
admit  of  effectual  combustion  by  the  draught  brought  about 
by  the  hot  gases  alone,  the  required  draught  is  produced  by 
the  steam  blast-pipe :  but  owing  to  the  rapid  combustion  and 
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consequent  escape  of  the  hot  gases  at  such  high  velocity  there 
is  no  economy  of  heat  by  such  a  process  of  forced  draught. 

Rankine,  on  the  question  of  chimney  draught  (**  Steam 
Engine/'  p.  286),  gives  valuable  formulae  on  the  basis  of 
absolute  temperatures.  The  following  six  formulae  will,  no 
doubt,  be  often  found  valuable : — 

Assuming  that  the  volume  of  gas  (or  waste  gases)  from  a 
furnace  at  32°  F.  (=  0°  C.)  is  \2\  cubic  feet  for  each  lb.  of 
air  supplied  to  the  furnace,  the  volume  of  these  gases  at  any 
other  temperature  T  is — 

If— 

w  denotes  the  weight  of  fael  burned  in  a  given  furnace  p9r  second  ; 

Vo  the  volume  at  32**  of  the  air  supplied  per  lb.  of  fuel ; 

n  the  absolute  temperature  of  the  gas  discharged  by  the  chimney ; 

A  the  sectional  area  of  the  chimney ; 

ro  being  the  absolute  temperature  of  melting  ice  in  degrees  F. 

Then  the  velocity  of  the  current  in  the  chimney  in  feet  per 
second  is 

wVori 


u  -=. 


At 


w 


And  the  density  of  that  current  in  the  chimney,  in  lbs.  to  the 
cubic  foot,  is  very  nearly 

The    head  "  required  to  produce  this  draught  is  according  to 
a  formula  by  P^det,  given  by  the  equation,— 

Where^ 

*^n  foet^.*  ^^ole  length  of  the  chimney  and  of  the  flue  leading  to  it 
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M  denotes  its  "hydraulic  mean  depth/*  that  is,  its  area  divided  by  its 
perimeter,  which  for  a  square  or  round  flue  and  chimney  is  one 
quarter  of  the  diameter ; 

^  is  a  co-efficient  of  friction,  whose  value  for  currents  of  gas  moving 
over  sooty  surfaces  is  estimated  by  P^let  at  O'  102 ;  and 

G  is  a  factor  of  resistance  for  the  passage  of  the  air  through  the  grate 
and  the  layer  of  fuel  above  it,  whose  value — according  to  Peclet 
when  experimenting  on  furnaces  burning  from  20  to  24  lbs.  ol 
coal  per  square  foot  of  grate — is  12. 

Applying  these  values  to  the  constants,  then  equation  (4) 
becomes 

,         «2  /         ,    0'OI2/\  ,      , 

It  appears  that  in  using  this  formula,  a  conical  or  pyramidal 
chimney  may,  without  sensible  error,  be  treated  as  if  it  were 
cylindrical  or  prismatic  with  a  uniform  sectional  area  equal  to 
that  of  the  opening  at  the  top.  The  same  formula  enables  the 
velocity  u  to  be  computed  when  the  head  A  is  given.  The 
head  A  is  expressed  in  feet  in  height  of  a  column  of  the  hot  gas 
in  the  chimney.  It  may  be  converted  into  an  equivalent 
pressure  in  pounds  on  the  square  foot  by  multiplying  by  the 
density  as  found  by  equation  (3)  thus  : — 

?  =  hD  is) 

And  to  express  the  head  in  inches  of  water  the  multiplier  0*192 
is  used  :  thus : — 

Head  in  inches  of  water  =:  0*192  p  ^  o  192  A  D  (6) 


Variable  Blast  Pipes  on  Locomotives. — A  valuable 
appliance  for  economising  fuel  on  locomotives  is  the  some- 
what recent  invention  by  Mr.  Macallan,  M.I.M.E.,  of  a  variable 
blast  pipe.  The  appliance  is  fully  under  the  control  of  the 
driver,  who  can  at  will  regulate  an  appropriate  influx  of  air  by 
increasing  or  decreasing,  as  the  case  may  demand,  the  diameter 
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or  the  nozzle  of  the  blast  pipe,  by  means  of  the  adjustable 
cap  A,  shown  in  Fig.  46,  which  is  manipulated  from  the  foot- 
plate by  a  rod  connected  with  the 
lever  b.  It  is  claimed  that  on  an 
average  a  saving  of  10  per  cent  of 
fuel  is  effected  by  its  means.  The 
reason  of  this  is  not  far  to  seek. 
The  ordinary  blast  pipe  of  locomo- 
tives has  an  area  such  as  will  cause 
a  sufficiently  strong  blast  to  enable 
the  engine  to  make  steam  to  do 
heaviest  work,  while  when  doing  its 
light  work  the  exhaust  steara  passes 
F10.16.— MAC«Lij,|.^VA«uBi.e  through  the  same  orifice  and  conse- 
quently causes  more  fuel  to  be  burnt 
than  is  required  to  raise  the  required  amount  of  steam. 

One  great  advantage  of  the  above  form  of  blast  pipe  over 
the  ordinary  kinds  is  that  the  frequent  use  of  it  prevents  the 
formation  of  the  sooty  deposit  usually  seen  in  the  latter,  which 
causes  a  diminution  of  the  orifice  and  entailing  loss  of  fuel 
consequent  upon  the  excess  of  blast  iiroduced. 

Methods  for  the  Analysis  of  Ashes  of  Fuels. — It  is 
often  desirable  to  know  the  composition  of  the  ashes  of 
fuel,  since  they  play  a  somewhat  important  part  in  metallur- 
gical operations,  &c.  The  following  process  will  be  found  lo 
include  the  usual  substances  present  in  fuel  ashes : — 

Ignite  in  small  quantities  at  a  lime  about  200  to  300  grams 
of  the  sample  in  a  shallow  dish  (platinum  or  porcelain),  at  a 
bright  red  heat  in  a  muffle  furnace;  cool  and  put  the  ash  in  a 
stoppered  bottle. 

DeterminaHon  of  SiO^,  Fe^O^,  CaO,  MgO.  and  50,.— Weigh 
out  2  grams  of  the  ash  into  a  platinum  crucible  of  about  50  cc. 
capacity,  and  mix  with  8  grams  of  Presenilis'  flux  (Na,  CO,  -f 
K,  COg)  ;  place  the  lid  on,  and  keep  in  a  steady  slate  of  fusion 
over  a  blow-lamp  for  about  a  quarter  of  an  hour.  Cool ;  place 
tlie  crucible  and  its  contents  into  a  beaker  of  about  250  cc 
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capacity,  and  pour  on  to  it  50  cc.  of  pure  dilute  hydrochloric 
acid  (25  cc.  HCL ;  sp.  gr.  i'i6  +  25  cc.  of  water).  Place  cover 
on  beaker  and  gently  warm  until  all  that  is  soluble  is  dissolved ; 
raise  crucible  out  of  solution  with  the  aid  of  a  pair  of  bone 
forceps  or  a  stir-rod,  and  detach  any  adhering  silica  with  the 
aid  of  a  feather  and  a  jet  of  water  from  a  wash  bottle.  The 
solution  is  now  evaporated  to  dryness  over  a  water  bath  and 
the  residue  heated  on  a  sand  bath  for  about  an  hour  at  a  tem- 
perature of  about  130^  C,  to  render  silica  insoluble,  after  which 
it  is  cooled,  the  residue  moistened  with  10  cc.  of  10  E  hydro- 
chloric acid,  and  gently  warmed  for  about  ten  minutes 
over  a  water  bath.  200  cc.  of  water  are  now  added,  and 
the  solution  boiled  until  all  that  is  soluble  is  dissolved.  The 
insoluble  residue  is  now  pure  silica,  the  bases  being  in  solution 
as  chlorides.  Filter  off  the  silica  and  wash  with  a  boiling  solution 
of  dilute  hydrochloric  acid  (i  in  20)  until  the  washings  no 
longer  produce  a  red  coloration,  when  a  Utile  is  mixed  with  a 
few  drops  of  potassic  sulphocyanate  solution  on  a  watch-glass. 
Reserve  the  solution.  Detach  the  filter  and  its  contents  from 
the  funnel,  spread  out  on  a  watch-glass,  and  dry  in  a  water-oven ; 
in  the  meantime,  accurately  weigh  a  platinum  or  porcelain 
crucible  of  convenient  size.  After  the  silica  has  dried,  transfer 
it  to  the  weighed  crucible  with  the  aid  of  a  clean  knife  and 
brush,  ignite  filter  paper  separately,  add  the  ash  to  main  por- 
tion, ignite  for  about  a  quarter  of  an  hour  at  a  red  heat  in 
muffle ;  cool  and  weigh.  The  increase  in  weight  of  the  crucible, 
minus  ash  of  filter  paper  =  silica  (SiOs),  free  and  combined  in 
2  grams  of  sample,  which  multiplied  by  50  =  percentage  in 
fuel  ash. 

The  filtrate  is  now  transferred  to  a  400  cc,  graduated  stop- 
pered cylinder  and  diluted  to  400  cc.  and  thoroughly  mixed : 
200  cc.  (=  I  gram  sample)  are  poured  off  into  a  300  cc.  beaker, 
the  solution  boiled,  20  cc.  of  an  £  solution  of  Baric  chloride 
added,  stirred,  and  allowed  to  stand  for  at  least  twelve 
hours,  preferably  in  a  warm  place,  after  which  the  Baric  sulphate 
(Ba  SO4)  is  filtered  off  and  determined  as  directed  on  page  7 ; 
the  Ba  SO4  found  x  '412  x  100  =  percentage  of  sulphuric 
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acid  (SO4)  present  in  ash.  The  remaining  200  cc.  of  solution 
in  cylinder  are  transferred  to  a  400  cc.  beaker,  5  cc.  of  a  satu- 
rated solution  of  ammonium  chloride  (Am  CI)  added,  and 
20  E  ammonic  hydrate  (Am  Ho  '880)  run  in  until  the  solu- 
tion shows  a  strong  alkaline  reaction ;  the  oxide  of  iron  and 
alumina  are  thus  precipitated  as  hydrates  and  phosphates. 

The  solution  is  now  gently  boiled  until  the  odour  of  the  am- 
monia has  nearly  all  disappeared ;  and  then  filtered  through 
a  filter  of  convenient  size,  and  any  particles  of  precipitate  ad- 
hering to  sides  of  beaker  are  detached  with  the  aid  of  a  feather 
and  a  jet  of  water.  The  precipitate  is  now  washed  with  boiling 
water  until,  when  portions  of  the  washings  collected  in  a 
small  test  tube,  and  made  acid  with  HNO3,  show  no  opales- 
cence with  a  few  drops  of  nitrate  of  silver.  Reserve  the  filtrate, 
which  now  contains  the  lime  and  magnesia  as  chlorides,  detach 
filter  and  spread  out  on  a  watch-glass,  dry  in  water-oven,  scrape 
precipitate  into  weighed  crucible,  ignite  filter  separately,  add 
ash  to  main  portion  and  ignite  cautiously  to  a  full  red  heat, 
cool  in  desiccator  and  weigh.  Increase  in  weight  minus  ash 
=  Fe2  Oj  +  Alg  Oj  +  P2  O5.  It  now  becomes  necessary  to 
estimate  the  oxide  of  iron,  which  is  best  done  volumetrically, 
and  from  a  knowledge  of  the  amount  of  phosphoric  acid  (Pa  Os) 
present,  as  determinated  in  anotlier  portion  of  sample  (vide 
page  III),  the  amount  of  alumina  present  is  obtained.  A  direct 
process  for  the  determination  of  alumina  in  presence  of  oxide 
of  iron  consists  in  dissolving  out  the  former  in  a  strong  solution 
of  potash^  acidulating  the  solution  with  HCL  and  precipitating 
alumina  with  ammonic  hydrate.  The  writer  has  obtained  rather 
better  results,  however,  with  the  indirect  process. 

Estimaiion  of  Oxide  of  Iron  volumetrically, — Dissolve  the 
precipitate  of  FejOs  +  AljOs  +  PaOj  oflf  the  filter  with  about 
10  cc.  of  strong  hydrochloric  acid,  collecting  the  solution  in  a 
small  porcelain  dish ;  wash  the  filter  till  free  from  iron,  salt, 
&c.,  with  water;  evaporate  solution  over  a  water  bath  nearly 
to  dryness  to  expel  excess  of  free  HCL.  Transfer  to  a  bulb 
flask  of  about  500  cc.  capacity,  supplied  with  a  rubber  cork 
into  which  a  tube  with  a  Bunsen  valve  is  fitted.     Dilute  to 
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200  cc,  then  add  10  cc,  of  a  25  per  cent,  solution  of  sul- 
phite of  soda  (Na2S203)  and  i  cc.  of  10  E  HCL.  Attach  cork 
and  tube  and  boil  until  free  from  SOs,  which  usually  takes  about 
a  quarter  of  an  hour.  Close  the  valve  quickly  and  put  the 
flask  into  cold  water  to  cool.  The  iron  is  thus  reduced  from 
the  form  of  perchloride  (FeaCl«)  to  that  of  dichloride  (FeCla), 
according  to  the  following  equation  : — 

FeaCU  +  OH»  +  NaaSOj  =  2  FeCla  +  NaaSO*  +  2  HCL. 

The  next  step  in  the  process  is  to  ascertain  how  much  of  an 
oxidizing  agent  is  necessary  to  convert  the  FeCla  back  again 
into  FeaCle.  In  this  case  bichromate  of  potash  (KaCrjO?)  is 
the  most  suitable  to  use. 

When  the  solution  is  cold  pour  it  into  a  beaker  of  about 
500  cc.  capacity,  and  test  to  ascertain  if  perfectly  reduced  by 
bringing  a  drop  of  the  solution,  on  the  end  of  a  glass  rod,  in 
contact  with  a  drop  of  a  solution  of  potassic  sulphocyanate 
(KCyS)  on  a  porcelain  plate,  when  if  only  a  mere  trace  of 
FcaCJe  is  present,  a  pink  coloration  will  be  produced  ;  if  no 
coloration,  or  just  the  slightest  colour  is  formed,  add  10  cc.  of 
hydrochloric  acid,  sp.  gr.  i'i6.    Fill  a  burette  graduated  in  o'l 

N 
of  o'cc.  with  standard  —  potassic  bichromate  (KaCrgO?),  pre- 
pared by  dissolving  4*917  grams  of  the  pure,  dry,  recrystallized 
salt  in  about  500  cc.  of  pure  distilled  water,  and  diluting  to 
1,000  cc.  at  15*5°  C. 

N 
Run  in  the  —  KjCraO?  into  the  iron  solution  at  the  rate  of 

about  A>  cc.  per  second  with  continual  stirring.  A  drop  of  the 
solution  is  taken  out  from  time  to  time  on  the  end  of  a  glass 
rod,  and  mixed  with  a  drop  of  dilute  solution  of  (about  i  per 
cent.)  potassic  ferricyanide,  when  a  more  or  less  blue  colora- 
tion is  produced  as  long  as  there  is  any  ferrous  salt  present 
When  no  blue  or  green  colour  is  produced  with  the  ferri- 
cyanide on  allowing  to  stand  for  four  minutes  the  reaction 
may  be  considered  completed.  Note  the  number  of  cc. 
required. 
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The  following  is  the  equation  representing  the  action  of  the 
bichromate : — 

6  FeCIa  +  14  HCl  +  KjCraOT  =  3  FeaCU  +  CraCle  +  2  KCl  +  7  OH,. 

N 
Now  every  cubic  centimeter  of  r-  KaCrjO?  =  '0056  gram  of 

iron  or  -008  gram  of  peroxide  of  iron  (FejOs).    So  that  the 

N 
number  of  cc.  of  --  K2Cra07  required  for  oxidation  multiplied 

*oo8  X  xoo  =  percentage  of  peroxide  of  iron  in  the  ash. 

The  amount  of  alumina  present  in  the  mixed  oxides  can  now 
be  obtained  by  difference,  by  adding  together  the  FcgOs  present 
and  the  P^Os  found  in  another  portion  of  sample,  and  subtract- 
ing from  the  weight  of  AlgOs  +  FejO,  +  P^Os  found  above,  and 
multiplying  the  remainder  by  100,  the  percentage  of  alumina  is 
obtained. 

Determination  of  Lime  and  Magnesia. — ^To  the  reserved 
filtrate  containing  these  bases  add  10  cc.  of  20  E  ammonic 
hydrate  and  10  cc.  of  a  saturated  solution  of  oxalate  of  ammo- 
nium ;  heat  to  boiling  point,  and  allow  to  stand  a  few  hours ; 
filter  off  oxalate  of  lime  and  wash  with  water  till  free  from  chlo- 
rides. The  filtrate  is  now  put  to  evaporate  over  water  bath  in 
a  platinum  dish.  The  filter  and  its  contents  are  dried  in  a 
water  oven,  then  placed  in  a  weighed  crucible  and  carefully 
ignited  to  a  bright  red  heat  in  a  mufRe,  for  about  a  quarter  of 
an  hour.  The  oxalate  of  lime  (CaCiOi)  is  thus  converted  into 
caustic  lime  (CaO) ;  cool  in  desiccator  and  weigh.  Increase  in 
weight  minus  filter  ash,  multiplied  by  100  =  percentage  of 
lime  present. 

When  the  contents  of  the  platinum  dish  have  evaporated  to 
dryness  over  the  water  bath,  it  is  heated  carefully  by  the  flame 
of  a  Bunsen  burner  until  the  whole  of  the  ammoniacal  salts  are 
expelled ;  the  dish  is  then  cooled,  the  residue  moistened  with 
about  2  cc.  of  dilute  HCL  (i  to  2),  about  50  cc  of  distilled 
water  added,  and  the  dish  heated  until  all  goes  into  solution. 
The  solution  is  now  transferred  to  a  beaker  of  about  100  cc. 
capacity,  add  20  cc.  of  20  E  ammonic  hydrate  added,  together 
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with  15  cc.  of  a  saturated  solution  of  disodic  phosphate 
(NaHPOi)  and  well  stirred  and  allowed  to  stand  24  hours ; 
after  which  the  ammonio-phosphate  of  magnesia  is  filtered  off, 
and  any  precipitate  adhering  to  sides  of  beaker  is  detached  by 
the  aid  of  a  feather  and  portions  of  the  filtrate.  The  precipitate 
is  now  washed  with  dilute  ammonia  solution  (i  to  2)  till  free 
from  chlorides,  and  the  volume  of  the  filtrate  measured.  The 
precipitate  is  soluble  to  the  extent  of  i  mgm.  in  every  50  cc, 
and  this  must  be  added  to  the  total  weight  The  filter  and  its 
contents  are  spread  out  on  a  watch-glass,  dried  in  a  water  oven, 
the  precipitate  brushed  into  a  weighed  crucible,  the  filter  paper 
ignited  separately  and  the  ash  added  to  main  portion.  The 
crucible  is  gradually  heated  in  a  muffle  to  a  bright  red  heat  for 
about  a  quarter  of  an  hour,  after  which  it  is  cooled  in  a  desic- 
cator and  the  pyrophosphate  of  magnesia  (Mg2P207)  thus  pro- 
duced weighed.  The  weight  of  MgjPjOT  multiplied  by  "3604 
X  100  :^  percentage  of  magnesia  (MgO)  in  ash. 

Determination  of  PhospJwric  Acidi^P'^O^. — Weigh  out  0*5  gram 
of  the  ash  into  a  50  cc.  porcelain  dish,  pour  on  20  cc.  of  aqua 
regia  (10  EHCL,  10  cc.  +  16  E  HNO3  10  cc.)  and  gently  boil 
with  cover  on  until  all  that  is  soluble  is  dissolved.  The  solution  is 
now  evaporated  to  dryness, and  the  residue  heated  on  a  sand  bath 
to  130°  C.  to  render  silica  insoluble ;  it  is  now  cooled,  10  cc.  of 
strong  HCL  added,  and  boiled  until  all  that  is  soluble  is  dis- 
solved ;  add  20  cc.  of  water,  filter  off  silica,  &c,  and  wash  until 
free  from  iron  salt.  To  the  filtrate  add  10  cc.  of  16  E  nitric 
acid,  and  evaporate  nearly  to  dryness  on  a  water  bath ;  dissolve 
residue  up  in  6  cc.  16  E  nitric  acid  and  4  cc.  of  water,  dilute 
to  15  cc.  and  add  30  cc.  of  ammonic  molybdate  reagent  (this 
is  prepared  by  dissolving  55*5  grams  of  molybdenum  trioxide 
(MoOs)  in  a  mixture  of  94  cc.  ammonic  hydrate,  sp.  gr.  -880, 
and  150  cc.  of  water,  and  filtering  into  694  cc.  of  nitric  acid, 
sp.  gr.  1*2,  diluting  to  1,000  cc.  with  a  12  per  cent,  solution  of 
HNOa,  allowing  to  stand  for  12  hours  at  50°  C,  filtering  and 
bottling) ;  allow  to  stand  for  3  hours  at  40^  C.  with  occasional 
stirring.  Filter,  and  wash  first  with  a  3  per  cent  solution  of 
nitric  acid  until  free  from  iron  salts,  and  then  with  water  until 
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free  from  acid  (test  the  solution  to  ascertain  if  precipitation  was 
complete  by  adding  lo  cc.  more  of  molybdate  reagent  to  the 
filtrate  and  again  digesting  at  40^  C,  when  if  any  additional 
precipitate  is  formed,  the  solution  is  again  filtered).  Spread 
the  filter  on  a  watch-glass  and  dry  in  water  oven,  brush  off  the 
yellow  precipitate  of  phospho-molybdate  of  ammonium  into  a 
weighed  crucible,  and  dry  at  100^  C.  until  weight  remains  con- 
stant. The  precipitate  as  dried  at  100®  C.  contains  3733  per 
cent,  of  PsOs,  so  that  multiplying  the  weight  found  by  '0373 
X  2  X  xoo  the  percentage  of  phosphoric  in  the  ash  is  obtained. 
Determination  of  Potash  and  Soda. — Weigh  2  grams  of 
sample  into  a  100  cc  beaker,  add  20  cc.  of  (10  £)  hydrochloric 
acid,  and  boil  until  all  that  is  soluble  is  dissolved.  Evaporate 
to  dryness,  and  heat  residue  on  sand  bath  to  130^  C.  for  some 
time;  cool,  add  to  10  cc.  of  10  £  HCL,  boil,  dilute  to  80  cc, 
5lter,  and  wash  silica,  &c,  until  free  from  iron  salts,  &c.  The 
oxide  of  iron,  alumina,  and  lime  are  separated  firom  the  solution 
by  the  methods  described  above;  the  filtrate  from  the  lime 
determination  is  evaporated  to  dryness  in  a  platinum  dish,  and 
the  residue  carefully  ignited  until  no  more  fumes  of  ammoniacal 
salts  are  evolved.  Cool,  dissolve  residue  in  10  cc.  of  water, 
add  1*5  grams  of  oxalic  acid,  evaporate  to  dryness  as  before, 
and  ignite.  The  alkalies  are  now  left  as  carbonates,  and  the 
magnesic  chloride  is  converted  into  magnesia  (MgO).  Treat 
the  residue  with  20  cc.  of  hot  water,  filter,  and  wash  with  water. 
The  filtrate  is  now  transferred  to  a  weighed  platinum  dish, 
acidulated  with  HCL,  evaporated  to  dryness  without  loss,  and 
the  residue  carefully  heated  to  dull  redness  for  10  minutes. 
Transfer  to  a  desiccator  to  cool,  and  weigh  the  NaCl  +  KCI. 
Add  xo  cc  of  water  to  residue,  and  then  sufficient  platinic 
chloride  (PtCli)  to  convert  the  sodic  and  potassic  chlorides  into 
double  chlorides  of  the  alkalies  and  platinum.  Assuming  that 
the  whole  of  the  residue  is  NaCl,  a  calculation  of  the  quantity 
required  can  be  made.  Thus  every  117  parts  of  NaCl  require 
336*38  parts  of  PtCli,  forming  PtCI*,  2  Nad.  The  mixture  is 
evaporated  over  a  water  bath  at  a  temperature  of  about  90°  C, 
nearly  to  dryness,  after  which  about  15  cc.  of  alcohol,  sp.  gr. 
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'86,  are  added,  the  dish  covered  with  a  glass  plate,  and  allowed 
to  stand  for  three  hours,  with  occasional  rotatory  stirring  of  the 
contents.  Allow  to  settle  before  filtering,  decant  the  clear 
liquid  through  a  weighed  filter,  and  finally  filter  off  the  in- 
soluble double  chloride  of  potassium  and  platinum  with  the  aid 
of  the  filtrate  and  a  feather.  Wash  with  alcohol  until  free  from 
the  PtCU  2  NaCl;  dry  at  130°  C,  cool  between  two  weighed 
watch-glasses,  and  weigh.  Calculation  of  the  proportion  of 
NaaO  and  K,0  present :  PtCI*  2  KCl  X  -3070  =  KCl,  and 
KCl  X  '6317  X  50  =  percentage  of  K3O.  Substract  the 
weight  of  KCl  thus  calculated  from  the  weight  of  the  NaCl  + 
KCL  The  remainder  X  '5302  x  50  =  percentage  of  the 
NasO  present 

Determination  of  Carbonk  Aad  {C0%,) — Carbonic  acid  is  not 
always  present  in  the  ash  of  fuel.  When  it  is  present  it  is  com- 
bined with  potash  and  soda,  or,  in  some  cases  where  the  heat 
has  not  been  sufficiently  intense,  it  is  combined  with  lime  or 
magnesia.  The  most  accurate  method  for  the  determination  of 
carbonic  acid  consists  in  decomposing  the  carbonate  present 
by  means  of  hydrochloric  acid^  and  weighing  the  liberated 
COa,  which  may  be  absorbed  by  soda,  lime,  or  caustic  soda. 
The  following  are  details  of  the  process,  and  Fig.  47  is  a  sketch 
of  the  apparatus  employed.  Weigh  out  5  grains  of  the  sample 
into  the  flask  d,  and  connect  in  the  manner  as  shown  in 
sketch.  A  is  a  U-tube  containing  pieces  of  caustic  soda,  which 
serve  to  absorb  the  CO9,  contained  in  the  air,  that  is  made  to 
pass  through  the  apparatus  by  means  of  the  aspirator  i.  c  is  a 
bulb  tube  containing  about  50  cc.  of  dilute  hydrochloric  acid, 
containing  80  per  cent  of  strong  HCL,  which  is  prevented 
from  flowing  out  by  means  of  a  clip  at  b.  b  are  bulbs  contain- 
ing a  little  concentrated  sulphuric  acid,  which  serves  to  absorb 
the  great  bulk  of  moisture  coming  from  d.  f  is  a  U-tube  con- 
taining in  the  first  limb  pieces  of  pumice-stone  which  have  been 
soaked  in  a  concentrated  solution  of  sulphate  of  copper,  dried 
and  ignited;  this  serves  to  absorb  any  HCL  carried  over  with 
the  gas ;  the  second  limb  contains  pieces  of  anhydrous  calcium 
chloride,    g  is  a  U-tube  containing  in  the  first  three-quarters 
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small  pieces  of  caustic  potash,  and  the  remaining  qiiaxter  pieces 
of  anhydrous  calcium  chloride.  This  latter  tube  absorbs  the 
CO9  given  off  from  the  sample,  which  Is  to  be  weighed  before 
and  after  the  experiment,  u  is  a  tube  containing  pieces  of  cal- 
cium chloride,  which  serve  to  absorb  any  moisture  from  the  air 
that  may  tend  to  come  into  c  from  the  aspirator  i,  which  is  to 
be  nearly  filled  with  water.  When  all  is  fixed  and  the  tube  a 
accurately  weighed,  open  the  clip  b  and  allow  the  acid  to  run 
on  to  the  ash  in  d;  after  which  open  the  tap  k,  and  allow  a 
gentle  stream  of  water  to  flow  out ;  a  current  of  air  thus  passes 
through  the  apparatus  and  sweeps  the  CO,  out  of  d,  and  which 


is  absorbed  in  the  U-tube  g.  Continue  the  aspiration  in  the 
cold  until  no  more  eflervescence  is  observed,  and  then  apply  a 
gentle  heat  to  the  Sask  d;  continue  heating  to  incipient  ebulli- 
tion, until  it  is  assured  that  all  CO,  is  eliminated,  when  the 
tube  G  is  detached  and  weighed.  The  increase  in  weight 
X  '  P  is  the  percentage  of  combined  COj  present. 
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Tables  of  Practical  Results  and  Analyses. 

Comparative  Consumption  of  Coal  by  Compound  and  Ordi- 
nary Locomotives  for  Three  Months  ending  2ist  May, 
1886,  ON  THE  Great  Eastern  Railway. 


Number  and  Class  of 
Engines. 

x886. 

Four 

weeks 

ending. 

Distance  run. 

Coal  consumed. 

Train     ,   Engine 
Miles.        Miles. 

1 

Total 
Cwts. 

lbs.  per 
Train 

Mile. 

lbs.  per 

Engine 

Mile. 

Eleven  compounds   . 
Eleven         „ 
Eleven         „ 

Totals  and  averages . 

26  Mar. 
23  Apl. 
21  May 

36,503*  37,794: 
34,8481  35,857: 

38,ii7fi  39,io2; 

1 

9,849 

8,979 
9,939 

28,767 

302 

28-8 
29*2 

29-1 
28-0 
28-4 

28-5 

i09,469i 

"2,754f 

294 

Six  ordinary     . 
Seven    „ 
Seven    „ 

Totals  and  averages . 

26  Mar. 
23  Apl. 
21  May 

•         • 

18,610 

23,761 
22,300 

19,355 
24,362; 

22,938 

5,724 
7,162 

6,661 

34*4 
337 
33*4 

33-0 
329 
325 

64,671 

66,656J 

19,547 

33-8 

328 

Mean  saving  by  compounds 

•        • 

1 

4*4 

4*3 

Comparative  Consumption  of  Coal  and  Evaporation  of  Water 
BY  Compound  and  Ordinary  Locomotives  working  Passenger 
Trains  from  London  to  Norwich  on  the  Great  Eastern 
Railway. 


October,  x886. 

1 

Compound           Ordinary 

No.  704.              No.  565. 

Coal  consumption,  total         .          lbs. 

„  „  per  mile  .  lbs. 
Water  evaporation,  total         .    gallons 

,,              „            per  lb.  of 

coal lbs. 

Feed    water,  average    per    5 

minutes  ....  gallons 
Feed  water  temperature  .  Fahr. 
Average  steam    pressure  per 

square  inch  .  .  .  lbs. 
Load,  London  to  Ipswich       .  vehicles 

„      Ipswich  to  Norwich      .  vehicles 

2780 

24-3 
2196 

7-9 

1125 
64" 

138 

3444 
30-2 

2853 
8-2 

126*4 
65° 

122 

15 

7 

The  compound  steamed  freely,  weather  very  favourable. 

The  ordinary  engine  steamed  moderately,  weather  rather  tmfavourable. 
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Average  Composition  of  Coals  from  Different  Localities. 
(Phillips^  Admiralty  Coal  Investigation,) 


Locality  (Average  Number  of 

Gr. 

• 
B 

t 

t 

• 

i 

« 

• 
0 

Samples  from  each). 

• 
Di 

13 

'& 

s 

"3 

-S 

•g 

1*315 

U 
8378 

479 

0-98 

1*43 

0 

< 

u 

36  from  Wales 

4-15 

4-91 

72-60 

18  from  Newcastle    . 

1-256 

82-12 

5-31 

1-35 

1-24 

5-69 

377 

60-67 

28  from  Lancashire  . 

1-273 

77-90 

5-32 

1-30 

1-44 

9*53 

4-88 

60-22 

8  from  Scotland 

1-259 

78-53 

5-61 

I -00 

i-ii 

969 

403 

54-22 

7  from  Derbyshire    . 

1-292 

79-68 

4*94 

1-41 

I -01 

10*28  2-65 

5932 

Composition  of  Various  Anthracites. 


Locality. 

u 

0 

m 

0, 

• 

e 

1 

• 

1 

•0 

i55     ^ 

• 

•S 

Observers. 

C/3 
1-462 

U 
89-21 

2-43 

OZ     CO 

< 
4-67 

Pennsylvania     . 

3-69 

\ 

Swansea   . 

1-348 

91-29 

2*33 

4-80 

1-58 

>  Regnault. 

Mayenne  . 

1-343 

90-20 

418 

337 

2-25 

Roldue(Aix-]a-Chap.) 

1-367 

90-72 

392 

4-42 

0-94 

) 

Swansea    . 

1-270 

9058 

3-60 

4-10 

1-72 

\ 

Sabl6 
Vizille 

1-750 
1-730 

87-22 
94-09 

2*49 
1-85 

3*39 
2-85 

3-58 

6-90 
1-90 

>  Jacquelin. 

Isere 

1*650  94-00 

1*49 

4-00 

) 

Analyses  (by  the  Author)  of  three  Samples  of  Anthracitic 

Steam  Coal  Mined  at  Tonkin. 


Sample  from 
Hatou. 

Sample  from 
Nagotna. 

Sample  from 
Kamfa. 

Caibon . 

Hydrogen 

Oxygen . 

Nitrogen 

Sulphur 

Ash 

88-075 
4-250 

3-558 
I-126 

0-487 
2-504 

90-575 

3-459 
2367 

I-OIO 

2-465 
2-134 

90-605 

3-256 

2-585 
0706 

0350 

2-498 

100-000 

100-000 

100*000 

ANALYSES  OF  EBBW  VALE  COALS. 
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Analyses  (by  the  Author)  of  Steam  Coal  of  the  Monmouth- 
shire Coalfield  (Ebbw  Vale  Steel.  Iron,  and  Coal  Co.,  Limited), 


CarboD 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash     . 


Moisture      .... 

Coke 

Volatile  matter  (gas,  tar,  Sec.) 

Fixed  carbon 

Carbon  in  volatile  matter     . 

Available  hydrogen 

Specific  gravity    . 

Volume  occupied  by  i  ton  of 

coal  calculated  from  sp.  gr. 

(cubic  fset) 

Thermal  Values  :— 

Theoretical  calorific  power,  viz.  j 
lbs.  of  water  raised  1°  C.  by  j 
I  lb.  of  coal  (French  calories)  i 

British  thermal  units,  viz.  lbs.  of  \ 
water  raised  1°  F.  by  i  lb.  coal  } 

Evaporative  power,  viz.  lbs.  of 
water  evaporated  from  2 1 2^  F. 
by  I  lb.  of  coal 

Actual  evaporation  in  active  \ 
boiler  practice— lbs.  of  water  > 
converted  into  steam        .       ) 


Three- 
quarter 
Vein. 

89055 

4750 
2*014 

1*556 

0-875 

_i-75o 

lOO'OOO 


0-625 
•  80*050 

19*950 

78*300 

10755 

4*498 

1*295 
28*109 


8,745 

15,741 
16*28 

iroo 


Elled 
Seam, 


88*057 
4*652 

3-407 
1055 

0755 
2*074 


lOO'OCO 


0558 
79-405 
20-595 

77*33' 
10*726 

4*226 

1*310 

27-335 


8.575 


15,435 


15-98 


'0*55 


Old  Coal 


87-350 

4-625 
3.200 

1*215 

0795 
2*8r5 


100*000 


0-560 
8ro:2 

18-968 

78-217 

9-»33 
4*225 

1*308 
27-400 


8,5M 


15,325 


15-85 


10-55 


Big  Vein. 


86*956 
4*6oO 
2*874 

1-450 
0*815 

3-305 
1 00*000 


0*645 
77-050 

22*950 

73-745 
13-211 

4-242 
1-315 

27-254 


8,487 
15,276 
15-80 


10-31 


Table  showing  the  Progressive  Diminution  of  Hydrogen 
AND  Oxygen  from  Wood  to  Anthracite. 

{Prof.  Johnson.) 


Carbon. 

Hydrogen. 

Oxygen. 

Ditpotable 
Hydr(^^n. 

Wood  (average) 

100 

12-18 

83*07 

1*80 

Peat         „ 

100 

985 

55-67 

2-89 

Lignite  (mean  of  15  va- 

rieties) .... 

100 

8-37 

42*42 

3-07 

Coal,  South  Staffordshire . 

100 

6*12 

21*23 

347 

Steam  coal,  Newcastle 

100 

591 

18*32 

362 

Portrefelin  coal,  S.  Wales. 

100 

4*75 

528 

4-09 

Pennsylvanian  anthracite  . 

100 

284 

1-74 

2-63 

1 
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Analysis  of  Patent  Fuels. 
{AdmiraUy  IreuesUgatum,) 


Kind  of  Fuel. 

6 

• 

• 

• 

1 

itrogen. 

9 
% 

• 

1 

•^ 

• 

'^ 

1 

7i          C/3 

0 

< 

u 
8s- 1 

Warlich's  patent  fuel 

I  15  ;9002  5-56 

1 

trace  1-62^  —     2-91 

Livingstone's  steam  fuel  . 

1-184  86-07  4-1.^ 

rSo  1-452-03  4-52  — 

Livon*s  patent  fuel    . 

1-13   86-364-5(3 

1-06  1-292-07   4-66,  — 

Wylam's      .  „ 

I -10   79*9«5  69 

1-68  1-256-63  4-84'65-8 

Bell's 

I -14   87-885-22 

0-81  0-710-42,  4-96171-7 

Holland  &  Green's  patent 

1 

1 

fuel        .... 

1302  70-144-651 1-15    — 

1          1       '          1 

—   1373 

— 

Average  Value  of  Coals  from  Different  Localities. 


Locality. 


Average  of  37  samples  ) 

from  Wales  .  .  ] 
Average  of  17  samples  ) 

from  Newcastle  .  / 
Average  of  28  samples  ) 

from  Lancashire  .  j 
Average  of  8  samples  \ 

from  Scotland  .  j 
Average  of  8  samples  \ 

from  Derbyshire      .  / 


•80 

*»    . 

I- 

feCJ 

rs 

O  firj 


- 


9-05 

8-37 
7*94 
770 

7-58 


I 

2 


448-2 
411-1 

447-6 

431-4 
4327 


*■■  o 

n 

O  c« 

^^    . 

.5*0  4< 
Si    C    3 


53-1 
49-8 

497 
50-0 

47-2 


a 

1  A^i-? 

8's  s*^ 

i  .s 

83'' 

1       w 

M 

9 

.a 

.s* 

•8°^^ 

3 

"3 

■2^ 

S  c*  0  ^ 

C   M   «{   irt 

•  S   Q   0   " 

« 

a£ 

is!^^ 

*S 

a«S 

JoS'S  0 

U    U 

• 

Space 

in  CI 

S  c  0  s 

42-71 

60-9 

1-42 

45-30 

67-5 

0-94 

45-15 

73-5 

1-42 

49'99      73-4 
47-45      8o-9 


1-45 


I -01 


COAL  AND  COKE  ASHES. 
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Comparative  Values  of  Welsh  Steam  Coals. 
(Portsmouth  Dockyard  Experiments^ 


Lbs.  of  water 

Percentage 

Nixon's  Navigation  . 

evaporated  by 
I  lb.  of  coal. 

of  clinker  and 
ash. 

10-05 

5-37 

Wayne's  Mcrthyr    , 

1005 

5-37 

Thomas       ,, 

9*79 

5-47 

NauhudyH)  „ 

9*62 

5-48 

Ynsfaio    . 

, 

9-52 

676 

MerthyrDare  . 

9*45 

5-48 

Resolven  Merthyr    . 

9-41 

6*04 

Insoles     . 

9-37 

6*52 

Averages 

1                « 

965 

5S. 

Analyses  of  the  Ash  of  Seven  Varieties  of  Bituminous 

Coals. 

[Phillips^  Admiralty  Coal  Investigation,) 


a  and 
Flron. 

■ 
0) 

'i 

•c 

4 

age  of 
Coal. 

age  of 
Coal. 

Name  of  Coal. 

11 

a 

'a 

1 

tiace 

|5 

i 

s  ° 

II 

5-52 
6-94 

648 

^  /  Pontypool  . 

^*  1  Bedwas 

%  \  Porthmawr. 

^  /  EbbwVale. 

\  ColeshiU      . 

40-00 

4478 

12-00 

2*22 

075 

9975 
98-08 

26-87 

5695 

5' 10 

119 

7-23 

074 

71*7 

34-21 

52-00 

6-199 

0-659 

4-13 

6*633 

97-821 

2-91 

63-1 

5300 

IS'oi 

3*94 

2-20 

4-89 

0-88 

99.92 

14-72 

77*5 

59*27 

29-09 

6-02 

'•35 

3-840-40 

9997 

10-70 

•g  (  Splint 

37-60 

52-00 

373 

I-IO 

4-14 

0-88 

99-45 

1*50 

52*03 

-S  \  Wallsend  1 
c^(     Elgin     1 

61-66 

24-42 

2-62 

173 

8-38 

118 

99*99 

4-00 

58-45 
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Analyses  of  Various  Coke  Ashes. 


Locality. 

hate  of 
ime. 

• 

3 

pnate  of 
ime. 

0-40 

s of  Iron. 

^ 

n 

CO 

Ifl 

< 

U 

4*8o 

1 

0 

<5S 

Iron  Bridge 

12-55 

42*10 

34-40 

5-28 

trace 

Dudley 

864 

35*40 
41*00 

3040 

6-48 

18*68 

»» 

Merthyr  Tydvil  . 

4*54 

35-44 

6*46 

1 08 

10*80 

»» 

The  Specific  Gravities  and  Amounts  of  Ash  in  Various 

Coals. 


Description  and  Locality  of 
Coal  Beds. 

Specific 
Gravity. 

Per- 
centase 
of  Ash. 

Authority. 

Liverpool  coal 

1*260 

4*62 

Johnson. 
D.  Musket. 

Alfreton  furnace  coal   . 

1-235 

2*04 

Wigan  can  n  el  coal 

1*272 

3*10 

Kerwan. 

Boghead  brown  cannel 

I*  160 

21-2 

) 

Stevenston  Ayr>hire     . 

1-385 

19-3 

5  Dr.  Penny. 

Ayrshire  anthracite 

'•453 

3-6 

I 

Aberaman  Mei  thyr 

1-305 

1-45 

\ 

Pontypool   .... 

1*320 

5*52 

j 

Abercarn     .... 
Wallsend  Elgin  . 

'•334 
1*200 

204 
10*70 

V  J.  A.  Phillips. 

Stavely         .... 

1*270 

2*4 

Neath  Abbey 

I3IO 

3-55 

; 

EbbwVale. 

1*274 

370 

\ 

Blaina          .... 

1*320 

6*80 

j 

WharnclifPe  Woodmoor 

1*294 

7*1 

Shelton       .... 

1-285 

1 
4*2 

JH.J.  Phaiips. 

Elsegar        .... 

1*300 

3-4 

Mixon's  Merthvr . 

• 

1-305 

1*25 

; 

NEWCASTLE  AND  WELSH  COALS. 
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Results   of   Evaporative  Duties   of  Newcastle  and  Welsh 
Coals  in  the  Coal-Testing  Marine  Boiler  at  Keyham  Steam 

FACTORy. 


1 

s 

•0 

H 

2^-i 

S 

1 

2.6. 

g" 

.& 

ass 

Coal. 

S  0 
cwts. 

III 

sq.  ft. 

lbs. 

cub.  ft. 

cub.  ft. 

lbs. 

First  Series. 

(With  common  doors.) 
WeLsh,  Wayne's  Merthyr, 

Resolven,  Merthyr  Dare, 

Gellia,  Cadoxton    . 

140 

I '93 

15-44 

32-4 

2-31 

10*42 

Hartley  Main  Newcastle   . 

14-0 

2-32 

18-56 

34-5 

246 

9-22 

i  Welsh  i  Hartley    . 

2       ••         1        it             • 

14-0 
14*0 

1-92 
176 

15*40 
14-08 

30-4 
28-7 

2-17 
2-05 

9-81 
10-12 

14*0 

1-96 

1570 

30-7 

2-20 

9-72 

(With  perforated  doors.) 
Hartley  Main    . 

^ 

I4'0 

2-06 

16-50 

30-2 

2*16 

9-10 

Second  Series. 

(With  common  doors.) 
Welsh— PoweU's  Duffryn, 

Nixon's         Navigation, 

Davis's  Merthyr    . 

14-0 

2*09 

16-68 

37-1 

2-65 

1 1  05 

Newcastle    —  Davidson's 

HarUey,Hasang's  Hart- 

£\ 

^ 

ley        ...        • 
i  Welsh  \  Hartleys  . 

14-0 

2-29 

18-29 

34-5 

2-46 

9*39 

14-0 

203 

16-24 

34*4 

2-46 

10-56 

2        »»         I           )»           • 

14-0 

2*43 

16-36 

35-0 

2-50 

IO-6I 

Welsh      .... 

14-0 

2-19 

17-48 

59-3 

2-80 

iri6 

Third  Series. 

(With  perforated  doors.) 

t\  ^ 

Welsh  coal 

14*0 

187 

14-95 

327 

2-34 

10-86 

Hartleys   .... 

14-0 

2-13 

17-04 

32-8 

234 

9-61 

i  Welsh  \  HarUeys  . 

14-0 

218 

17-44 

37-1 

2-65 

IO-54 

2             ,,               I                   y} 

14-0 

2 -08 

16-64 

357 

2-55 

10-64 

I             ♦»              2                   if                  . 

14-0 

2-i8 

17-42 

36-5 

2-6i 

10-39 

Davidson's  Hartley  . 

14-0 

2-86 

22-88 

42-9 

3-06 

9-31 

i  Hartley  i  Welsh    . 

14-0 

230 

18-40 

31-0 

2-22 

Io-^o 

Fourth  Series. 

(With  smaller  grate  area. 

With  common  doors.) 

Welsh  coal 

lO'S 

2-II 

22-46 

38-3 

3-65 

n-3T 

\  Welsh  small  \  David- 

son's Hartley 

lO'S 

2*02 

21-60 

36-0 

3-43 

nob 

\  Welsh  beans  \  Hasting's 

A 

^ 

Hartley 

ID'S 

2*14 

22-85 

367 

3-50 

10-65 

Fifth  Series. 

(With  perforated  doors.) 

HartleyR   .... 

lo'S 

2-29 

24-40 

42-0 

4-00 

11-42 

^    Welsh     \    Davidson's 

Hartley 

10-5 

2- 10 

22-34 

39*3 

3-74 

11-65 
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Disposal  of  Heat  of  Combustion  of  Coal  burnt  under 
Steam  Boilers,  and  Composition  of  the  Products  of 
Combustion. 

The  following  are  results  obtained  by  MM.  Scheurer-Kest- 
ner  and  Meunier  in  1868  in  a  French  boiler  at  Thann.  {Vide 
Bulletin  de  la  Socikth  Industrielle  de  Mulhouse.) 

•q.ft. 
Heating  surface  of  heaters 301 '3 

boiler 129*1 


•t  )> 


Total  of  boiler        .  430*4 

Heating  surface  of  feed  heaters 764*0 

1,194-4 

Direct  heating  surface  exposed  to  fire         •        •        •  32-3 

Area  of  fire-grate 19-3 

Areaof  air-spaces  through  grate        ....  5*5 

Ratio  of  grate  area  to  total  surface  of  boiler       .        .  i  to  22*3 
Ratio  of  grate  area  to  total  surface  of  boiler  and  fuel 

heaters i  to  63 


The  average  composition  of  the  Ronchamp  coal  used  in  the 
experiments  devoted  to  the  analysis  of  the  chimney  gases 
was  as  follows : — 

Carbon 70 

Hydrogen         •        •        .        .        .  4 

Oxygen 4 

Nitrogen l 

Ash 21 

100 


PRODUCTS  OF  COMBUSTION. 
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Analysis  of  the  Product  of  Combustion  of  Ronchamp 
Coal  under  a  French  Boiler  at  Thann. 


Ixperi- 

sq.  ft. 
hour. 

*4^ 

0   • 

Compoittion  of  the  Gases. 

• 

0, 

1 

0.    of  £ 
ments. 

as 

4,U 

(4  b 

0:2 

SO 

1 

c 
u 

• 

c 

M 

8 

8    ;   3^ 

i'' 

lbs. 

B 

mins. 

U 

U 
p.  c. 

> 
p.  c. 

a 

J2 

p.  c. 

^          H 

lbs. 

p.  c. 

p.  C. 

1 
p.  c.  ,  cu.  ft. 

12 

8-2 

154 

5 

149 

•84 

115 

1*35 

75* « 

6-7  1  iio-o 

II 

9'6 

308 

8 

142 

■97 

I'll 

rii 

72-5 

10-5     Il6-2 

9 

9*6 

'5*4 

4 

14-6 

•86 

•56 

.56 

70*1 

13-3  j  1347 

14 

8-2 

30-8 

ID 

>3-4 

•24 

I  ■41 

1-41 

637 

20*9 

144*5 

13 

8-2 

15-4 

5 

13*3 

•91 

•91 

677 

17-6 

H7-5 

8 

47 

15-4 

8 

12*9 

— 

•96 

•96 

597 

26'2 

1566 

10 

190 

154 

2 

iO'9 

— 

•19 

•19 

459 

42-8 

1983 

7 

3*4 

132 

10 

8-2 

04 

•52 

37-4 

53-« 

260-5 

Carbon  and  Hydrogen  in  Escaped  Combustible  Gases. 


No.  of 
Experiments. 

Per  cent,  of  Total  Carbon. 

Per  cent,  of 

Total 
Hydrogen. 

Temperature 

of  Gases 

leaving 

Feed  heaters. 

In  Oside. 

In  Hydro- 
carbons. 

Total. 

12 
II 

9 

14 

13 
8 

10 

•• 
/ 

41 
50 

5*2 

1*5 

1 1-4 
10-2 

59 
4-1 

• 

15-6 

15-3 
11*2 

57 
61 

39 

34 

•9 

195 

167 

9.9 

26*9 

17-5 
197 

47 
177 

IIo*»C. 

128 

126 

135 

93 

156 

94 

It  appears  from  these  results  that  the  most  efTective  combi- 
nation is  arrived  at  when  about  one-third  of  the  gaseous  pro- 
ducts consists  of  free  air. 
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Influence  of  Excess  of  Air. — The  following  table  shows 
the  influence  of  excess  of  air  in  using  Friedrichsthal  and  Alten- 
wald  coal : — 


Friedrichsthal  Coal. 

AUenwald  Cual. 

Free   Air. 
Per  cent. 

Lbs.  Water  Evap. 
per  lb.  of  Coal. 

Free  Air. 
Per  cent. 

Lbs.  Water  Evap. 
per  lb.  of  Coal. 

40 

30 
27 

27 
24 
23 

6'8o 

646 
6-38 
6-19 
6-23 
5-68 
580 

35 
33 
32 

^0 
28 

25 

23 

706 

7*28 
7-02 
679 
6-85 

671 
6-66 

Bistribution  of  the  Heat  of  Combustion. —  For  the 

comparison  of  the  absolute  heat  of  combustion  of  coals,  the 
boiler,  fire-grate,  &c.,  in  this  case  had  the  following  dimen- 
sions : — 

sq.ft. 
Area  of  fire-grate  4*6  feet  long  by  4*47  feet  wide  .        .  20*6 

Ratio  of  grate  to  heating  surface  of  boiler      .        .        .     i  to  2 1 
„  to  total  service  ol  boiler  and  feed  heaters     i  to  58 

cu.  ft. 

Total  capacity  of  boiler 423*0 

„  „  feed  heaters 31 7*7     - 

Water  room  in  boiler 335*3 

Steam  room  in  boiler 88*3 

sq.  ft. 
Heated  sutface  of  brickwork  for  conduction  and  radia- 
tion of  heat     above        I1290 


The  following  are  the  results  obtained  with  various  coals  in 
the  above  boiler : — 


DISTRIBUTION  OP  HEAT. 


i| 

5 . 

i 

T« 

i 

k 

K 

s 

s  . 

i% 

Cul. 

u" 

^ 

I 

9 

Alb. 

-i 

ii 

ll 

3 

< 

i 

1 

^ 

< 

i 

" 

— 





— 

— 

— 

ii». 

■3 

**-7 

'7 

65 

I3> 

17-3  4-46 

8-77 

■7 

191 

71 

138 

I5-8  484 

9-49 

■0 

310 

«) 

7* 

\^ 

M-o 

4'7' 

8-17 

■4 

a3-9 

IS 

*>S 

460 

7-89 

■3 

305 

16 

64 

m 

14-4 

j:g 

S-iit 

■0 

47-6 

~ 

7» 

144 

9-1 

10-53 

■1 

36-a 

" 

67 

'3« 

13-4 

47' 

1054 

9 

34* 

8 

61 

MS 

IS-9 

4-71 

9'83 

Wood,  charcoal  .     . 

8,080 

150-4 

4S-5 

~ 

~ 

'SS 

05 

9* 

The  absolute  heat  of  combustion  of  the  fuels  was  estimated 
from  the  above  to  have  been  distributed  about  as  follows : — 


Heat  in  the  steam  (about  60  lbs.  preEsure)                 ,        ,  6i'0 

Heat  QngeitFTatFd  in  the  combnslible  gases      .        .        .  5-5 

Heat  lost  in  the  clinker  and  ash 1-5 

Heat  cairied  off  in  the  gaseous  product)  of  combustion    .  5'5 

Heat  angenerated  in  the  smoke  carbon     ....  -5 
Heat  absorbed  in  the  evaporation  of  the  bygiometric 

water,  and  water  newly  formed          .                          .  2-5 

Heat  lost  in  the  brickwork ty^ 


Total 


loo'o 


Results  obtainbd  with  Liquid  Fuel  by  Mr.  Jaues  Holdeh, 

M.I.C.K,  ON  THE  Great  Eastern   Railway. 

Experiment  on  a  Shall  Cornish  Boiler. 

Coal  only  used. 

1887.  Consumption  during  one  week  from  August  15th  to 
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2oth  (inclusive),  74^  hours'  work,  including  lighting  up  =  80J 
cwt.  =  121-3  ^bs.  per  hour. 

Cost  for  100  hours  =12,130  lbs.  of  coal  at  iis.  per  ton  = 
£2  19s.  7  id. 

Coal^  Cok€y  and  Tar  used.     Holden's  System, 

1888.     Consumption  during  one  week  from  June  25th  to 
30th  (inclusive),  87^  hours  working ;  including  lighting  up 

=  coal  15  cwt.  =  19-2  lbs.  per  hour 
=:  coke  I  \\  cwt.  =:  147      „ 
Gas  tar  280  gallons  =  35*1       „ 


»» 


Total        69*0 


»» 


>> 


Cost  for  100  hours 


=:  1,920  lbs.  of  coal  at  lis.  per  ton  =  o    9  5} 

=  1,470  lbs.  of  coke  at  9s.  6d.     „    =  o    6  ij 

=  3,510  lbs.  of  tar  at  1 2s.  6d.    „    =019  7J 

Total        £^1     15  2\ 


Comparative  Cost  of  Liquid  Fuel  and  Coal  on  Locomo- 
tives OF  THE  Great  Eastern  Railway. 


• 

s 

a 
14 

• 

0 

193 
194 

95if 
95  If 

Total  lbs.  used. 

Lbs.  per  Mile. 

Total     lbs.    of 
Coal,  Liquid 
Fuel,        and 
Chalk       per 

mile.                   ' 

Proportion     of 
Liauid    Fuel 
and  Chalk  to 
Coal  used. 

Total    cost   of 
Fuel. 

s  . 

4) 

1.S 

228 

2-3J 
•05 

• 

1 
0 

Is 

• 

M 

.a 
U 

784 

• 

% 
U 

14-2 
29-1 

II'O 

• 

1 

u 
8 

13.5" 
27J38 

10,505 

26-0 
29*1 

per  cent. 
83 

£  8.    d. 

9  I     5^ 
9  4  loj 

I 

)ifreren 

ce  in  fa 

Lvoa 

rofl 

JTo.  ] 

193  < 

engine    . 

1 

03    5i 

N.B.    Cost  of  coal  computed  at  14/1 1  per  ton  (Radford  coal  used), 
liquid  fuel  computed  at  i^d.  per  gallon  of  11  lbs. 
chalk  computed  at  5/6  per  ton. 
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Comparative  Evaporation  of  Water  by  different  Liquid 
Fuels  injected  and  sprayed  with  Holden*s  Patent 
Injector. 


Evaporative 

On  a  small  Vertical  Boiler  about  6-h.p.  working    power  of 
AT  50  lbs.  per  Square  Inch  pressure.  LiqmdFuei 

With  Yorks  coal  4-7  lbs.  water  per  lb.  of  fuel  

„         „  and  coal  tar    5*7         ,,  ,,  „        .        6  lbs. 

„        „  and  green  oil  6-6         „  „  „  73    „ 

I,        „  and  astatki      9*1         „  „  „  io*2    „ 


On  a  small  Cornish  Boiler  about  30-H.P.  working 

AT  A  pressure  OF  35  LBS.   PER   SQUARE  INCH. 

With  Yorks  coal  8*4  lbs.  water  per  lb.  of  foel 

„        „  and  coal  tar    9-9         „  „  „ 

„        „  and  green  oil  10-3         „  „  „ 

„        „  and  astatki    12-3         „  „  „ 

On  A  Loco.  Boiler  working  as  stationary  at 
80  LBS.  PER  Square  Inch  pressure. 

With  Yorks  coal  9*1  lbs.  water  per  lb.  of  fuel 

„        ,f        and  green  oil  12-9 


i» 


,f 


»» 


1 1-3  lbs. 

12-3    ,» 
<4'5    » 


15-1  lbs. 


In  all  cases  the  figures  give  evaporation  from  feed  water  at 
atmospheric  temperature. 
Shale  oil  about  equals  green  oil  for  evaporative  value. 


Comparative  Consumption  of  Coal  and  Oil  in  Ordinary 
AND  Compound  Passenger  Locomotives  on  the  Buenos 
Ayres  and  Rosario  Railway. 


Four  weeks  irom  27  May 
to  25  June,  1887. 

Distance 
run. 

Coal,  lbs. 

Oil,  lbs. 

Total. 

Per 
Mile. 

Total. 

Per  TOO 
Miles. 

Ordinary  engine,  No.  10. 
Compound    „      No.  34. 

3,937 
3,638 

IITyOOI 

81,350 

28-19 
22-36 

595-24 
599-65 

15-12 
16-48 

Thus  the  compound  burnt  20}  per  cent,  less  coal  than  the 
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ordinary  engine,  but  used  9  per  cent,  more  oil ;  the  actual 
money  saving  was  3  dollars  20  cents  per  hundred  miles.  The 
working  pressure  in  the  ordinary  engine  was  150  lbs.  per  square 
inch,  and  in  the  compounds  160  lbs. 


The  following  are  very  instructive  results  obtained  by  Mr. 
Urquhart  on  the  Grazi  and  Tsaritsin  Railway  locomotives, 
showing  the  efficiency  of  petroleum  refuse : — 


comparatfve  trials  with  petroleum,  anthracite,  bnuminous 
Coal,  and  Wood,  between  Archeda  and  Tsaritsin  on  Grazi 
AND  Tsaritsin  Railway  in  Winter. 


Train  alone. 


No.  of 

Loaded 

Can. 


25 
25 
25 
25 

25 

25 


Gross 
Load. 


tons. 
400 

400 

4CO 

400 

400 

400 


Dis- 

tance 

run. 


miles. 
388 

388 
194 

194 

194 

194 


Car. 

Miles. 


Fuel. 


9,700 
9,700 

4*850 
4,850 

4,850 

41850 


Anthracite 

( Bituminous  | 
\  coal  .  j 
( Petroleum  \ 
\     refuse       j 

Anthracite 

( Wood  in 
\     billets 
i  Petroleum 
\     refuse 


} 


Consumption, 

inclnmng 
Lighting-up. 


Total. 


lbs. 

3i»779 


Per 
Train 
Mile. 


lbs. 
81*90 


37.557'5  96-53 


9.462 
12,6395 

Cubic  ft. 
1,071*8 

lbs. 
7»223 


Cost 

of 

Fuel 

Train 
Mile. 


4877 

65-15 
Cu.ft. 

552 

lbs. 

37*23 


pence. 
"•957 

14-093 

5-487 
9512 

8-5 
4-188 


Atmospheric 

Temperature 

and 

Weather. 


—14**  to 

—13'*  c. 

Strong  side 
wind. 


)    --6"  to 
'    —II*' C. 
(  Light  side 
}      wiud. 


Prices  of  Fuel : — Petroleum  refuse,  21s.  per  ton. 

Anthracite  and  bituminous  coal,  27s.  3d.  per  ton. 
Wood,  i*47d.  per  cubic  foot. 
Dimensions  of  Locomotives : — Cylinders,  18^"  dia.  and  24"  stroke. 
Wheels,  4ft.  sin.  dia.    Total  heating  surface,  1,248  sq.ft.    Total 
adhesion  weight,  36  tons.     Boiler  pressure,  8  to  q  atmo^. 
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The  following  results  were  obtained  on  the  above  line  in 
summer  time : — 


Train  alone. 

Train 
MUes. 

Fuel. 

Consumption, 

includmg 
Lighting- up. 

Cost 

of 

Fuel 

T?Sn 
Mile. 

No.  of 

Loaded 

Cars. 

Gross 
Load. 

Total. 

Per 

Train 
Mile. 

No. 
30 
30 
30 
30 

Tons. 
480 
480 
480 
480 

194 
194 
194 
194 

Bituminous  coal 
Petroleum  refuse 
Anthracite 
Petrohum  refuse 

lbs. 
14,084-07 

6,175-325 
12,784-002 

6.103-097 

lbs. 
72-598 

31-831 
65-897 

3 '-459 

pence. 
10-599 

3-581 
9-621 

3-539 

Theoretical  Evaporative  Value  of  Petroleum. 

Fuel  and  Coal. 


Fuel. 

Specific  Gravity  at 
32' F. 

Chemical 
Composition. 

Heating 
Power. 

British 

Thermal 

Units. 

20,736 

22,027 

20,138 
19.832 

14,112 

Theoretical 
Evaporation. 

Lbs.  of  Water 
per  lbs.  of  Fuel. 

84-9 
86-3 

86-6 
87-1 

800 

Hydrogen, 
per  Cent. 

Oxygen, 
per  Cent. 

• 

1-25 

From 
and 

at 

2I2«  F. 

At8i 
Atmo- 
spheric 
effective 
Pressure. 

Pennsylvanian  ) 
heavy  crude  oil    ) 

Caucasian  light  \ 
crude  oil       .        ) 

Caucasian  heavy  i 
crude  oil        .        j 

Petroleum  refuse 

Good  English  coal,  \ 
mean  of  98  sam*  [ 
pies       .        .        ) 

•886 
•884 

•938 
•928 

1-380 

13-7 
13-6 

12*3 

II-7 
50 

'-4 
01 

I-I 
1-2 

8-0 

lbs. 
21-48 

22*79 

2085 
20*53 

14-61 

lbs. 

17-8 

18-9 

17*3 
17-I 

I2-l6 

In   comparing  petroleum  refuse  (Russian)  and  anthracite, 
Mr.  Urquhart  says  that ''  the  former  has  a  theoretical  evapora- 
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tive  power  of  16  2  lbs.  of  water  per  lb.  of  fuel,  and  the  latter 
of  12*2  lbs.,  at  an  effective  pressure  of  8  atmospheres,  or  120 
lbs.  per  square  inch ;  hence  petroleum  has,  weight  for  weight, 
33  per  cent,  higher  evaporative  value  than  anthracite.  Now  in 
locomotive  practice,  a  mean  evaporation  of  from  7  to  7i  lbs.  of 
water  per  lb.  of  anthracite,  is  about  what  is  generally  obtained ; 
thus  giving  about  60  per  cent,  of  efficiency,  while  40  per  cent, 
of  the  heating  power  is  unavoidably  lost.  But  with  petroleum 
an  evaporation  of  12*25  ^^^*  ^^   practically  obtained,  giving 

12*2') 

— >.     =  75  per  cent,  efficiency.     Thus,  in  the  first  place, 

petroleum  is  theoretically  33  per  cent,  superior  to  anthracite  in 

evaporative  power,  and,  secondly,  its  useful  effect  is  15  per 

cent,  greater,  being  75  per  cent,  instead  of  6  per  cent.;  while, 

thirdly,  weight  for  weight,  the  practical  evaporative  value  of 

12*25  —  7*50 
petroleum  must  be  reckoned  as  at  least  from  -    '^      1  ^    — 


63  per  cent,  to 
anthracite. 


2*25  —  7*oo  __ 
7*oo 


7-50 
=  75  per  cent,  higher  than  that  of 


Analyses  of  Various  G-aseous  Fuels. 

Analysis  of  Siemens  Producer  Gas. 
{Trans,  Amer.  Inst,  Min,  Eng.) 


X 

2 

3 

4 

5 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Carbonic  acid  .     .     . 

3*9 

8-6 

9*3 

I '5 

61 

Carbonic  oxide     .     . 

27-3 

20*0 

165 

23-6 

223 

Hydrogen  .... 

87 

8-6 

6-0 

287 

Marsh  gas  .... 

1*4 

1-2 

2-7 

30 

1-0 

Nitrogen     .... 

67-4 

61*4 

629 

659 

41-9 

Heat  units  .... 

93966 

97184 

99074 

1 14939 

164164 
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Analysis  of  American  Natural  Gas. 
{Ford,  Jr,  I,  and  S.  Inst,) 


Carbonic  acid  . 
Carbonic  oxide 
Oxygen  .  .  . 
Olefiant  gas  . 
Ethylic  hydride 
Marsh  gas  .  . 
Hydrogen  .  . 
Nitrogen  .  . 
Heat  units  .     . 


z 
per  cent. 

2 

per  cent. 

0*8 

o*6 

i*o 

0*8 

PI 

o*8 

07 

0*8 

30 

5-5 

72*18 

65*25 

20'02 

26*16 

nil. 

nil. 

728746 

698852 

per  cent 

nil. 

0*58 

078 

0*98 

7*92 

60*70 

2903 

nil. 

627170 


Analysis  of  the  Gases  at  Different  Depths  of  the 

Alfreton  Blast  Furnace. 


Distance  below  the  Furnace  Mouth. 

8  feet 

14  feet 

20  feet 

24  feet 

34  feet 

Nitrogen     .     .     . 
Carbonic  acid  . 
Carbonic  oxide 
Marsh  gas  .     . 
Hydrogen  .     .     . 
Olefiant  gas     .     . 
Cyanogen   .    .     . 

5477 
9*42 

20*24 

8*23 

6*49 

0-85 

5095 
9*10 

12*42 

1-57 

60*46 

10*83 

19*48 

440 

4-83 

567s 

io*o8 

2519 

2-33 

5-65 

trace 

5805 

37-43 
3^18 

1-34 

loo-oo 

100*00 

lOO'OO 

100*00  1  100*00 

1 

Analysis  of  Water-Gas. 


(i)                  (a) 
"  Strong  "     Water-Gas 
Gas            Cok(*  used 
(Dr.  Moore).    (Langlois). 

(3) 

Water- Gas 

Coke  used 

(Frankland). 

Gas  made 

by  Betlby's 

Process. 

Carbonic  acid  .     .     . 
Carbonic  oxide    .     . 
Marsh  gas  .... 
Hydrogen  .... 

Oxygen 

Nitrogen     .... 

35-88 
4-II 

5276 
077 
4-43 

I2*00O 
31*860 

1*62      1 
54-52     / 

13-80 
29*30 

56-9 

21*32 
10*72 
(     nU. 

i  37-'9 
3077 

100*00       100*00 

100-00 

lOO'OO 
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Gases  Occluded  in  Coal. 
( Thomas.) 


Sample  of  Coal. 

Gas 

evolved  by 
xoo  grams 
at  zoo**  C. 

in  a 

vacuum 

cc. 

COs. 

6-44 

9-05 
53  94 

84-55 

68-75 
10-93 

CH4. 

80-69 
77-19 

C«H«. 

475 
7-80 

2-67 

tCsHft),. 

N. 
8-12 

5-96 
4606 

'4-54 

2858 
2-17 

Wigan  cannel,  5/3  seam, 
350  yards  deep     . 

Do.,  3/2  seam,  600  yards 
deep    . 

Scotcn  (Heywood)  cannel 

Scotch  (Lesmahago  w)  can- 
nel      ...        . 

Whitehill  cannel  shale 

Whitby  jet      . 

421-3 

350-6 
i6-8 

}  557 

557 
30-2 

8690 

Average  Composition  ok  Coal  Gas. 

(Thorpe.) 

Hydrogen 45.58 

Methane  .......  34-90 

Carbon  Monoxide 5*64 

Ethene ^-oS 

Qoartene  . 2-38 

Solphnretted  hydrogen      ....  0-29 

Nitrogen  .                 2*46 

Carbonic  acid 3*67 

100-00 
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Analysis  of  Gases  Issuing  from  the  Mouth  of  the 

Bessemer  Converter. 

{Snelus,  L  and  S»  Inst,) 


Carbonic  acid 
Carbonic  oxide 
Oxygen     .     . 
Hydrogen 
Nitrogen  .    . 


Time  after  Commencement  of  Blow. 


2 

mins. 


.4 
mins. 


10"  7 1 
nil. 
0*92 

88-37 


8-5») 
3-95 


0-88 
86-58 


6 

mins. 


8-20 
4*52 


2*00 
85-28 


10 
mins. 


3-58 
1959 


2-00 
74*83 


X2 

mins. 


2-30 
29* 


303 


2*16 
66*24 


!4 
mms. 


After 
addition  of 
'  Spies:eleisen 
at  Bochum 
Worics. 


'•34 
II'II 


2-00 
65*55 


82-6 


2-8 
"4*3 


0-86 

78*55 
1-32 
2-52 

16-38 


Composition  of  Gases  in  Blowholes  of  Steel  Ingots. 

{Stead,  Clev.  Inst,,  Eng,) 


Hydrogen  .  . 
Nitrogen .  .  . 
Carbonic  oxide . 
Oxygen   .     .     . 


Steel 

containing 

C  =  0*42  p.  c. 

Si  *=  I'oo  p.  c. 

Mn  a  z*o8p.  c. 


Steel 

containing 

C  =  o'33  p.  c. 

Si  —  o'lop.  c. 

Mn.  =  0*69  p.  c. 


67-10 

30-30 
2 -60 


86-62 

13-29 

0-32 

0-37 


Steel 

containing 

C  =  0*17  p.  c. 

Si  as  0-09  p.  c. 

Mn.  ~  o'89p.c, 


87-21 

II-15 
1-64 


Composition  of  Various  Gases. 
(By  Weight.) 


N 
48-20 

H 
0-90 

CO, 

21-70 

CO 

29-24 

CH, 

C,H4 

Autho- 
rity. 

Blast  furnace,  Scotch 

Bell 

Blast  furnace,  Askam 

52-59 

O'l^ 
0-00 

13-47 

3380 

— 

— 

Crossley 

Blast  furnace,  Cleveland 

58-54 

I4'.32 

27-03 

— 

— 

Stead 

Producer  gas,  Siemens   . 

64-50 

— 

6-95 

24-92 

0-89 

2-73 

Snelos 

Producer  gas,  Siemens  . 

63-22 

0-65 

8-71 

25-97 

1*45 

_  » 

Producer  gas,  Wilson 

61-70 

0-90 

6-91 

29-58 

0-91 

— 

Stead 

Producer  gas,  Wilson 

62-84 

I-II 

829 

26-33 

1-43    — 

>♦ 

Retort -made  town  gas   . 

^~ 

8-17 

""" 

18-61 

56-1017-12 

1 
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'95 


The  following  are  some  interesting  results  obtained  by  Dr. 
Macadam  on  experimenting  with  Pintsch's  and  Keith's  appa 
ratus — 

Blue  Paraffin  Oil  Used. 


Specific  granty  of  oil     . 
Flashing  point      .     .     . 
Firing  point     .     .     .     .' 
Gas    per    gallon,    cubic 

feet 

Illuminating  power    .     . 
Volume  of  oil   flowing 

into   each    retort    per 

hour 

Gas  per  retort  per  hour  . 
Heavy  hydrocarbons,  per 

cent 

Gas  per  ton,  cubic  feet  . 


Pintsch's  Apparatus. 


877-6 
296° 
356° 

907 
625 


1*4 
126-8 


39-2 
23,128 


B 


878-2 
294° 

352^ 

103-4 
59-1 


i-i8 
122-5 

371 
26,356 


Aver- 
age. 


Keith's  Apparatus. 


8779 
295^ 

354'' 


874-1 
292*^ 

348" 


6o*8      63-2 


1*29 

I24'(> 

382 
24*742 


2*3 
197-5 

59-9 
21,772 


B 


877-6 
286° 
346° 

848 
59*5 


"•3 
1 1 1-9 

38-2 
21,671 


Aver- 
age. 


875-9 
289° 

347** 

84-9 
61-4 


1-8 
154-7 

390 
21,721 


PART    IV. 

WATER. 


It  is  Intended  in  this  section  to  deal  with  waters  required  to 
be  used  (i)  for  boilers,  and  (2)  for  drinking  purposes. 

L— WATER  FOR  BOILER  PURPOSES. 

Waters  largely  impregnated  with  carbonates  and  sulphates  of 
lime  and  magnesia,  are  highly  objectionable  for  use  in  steam 
boilers,  since  these  salts  are  deposited  as  a  hard  incrustation  on 
the  boiler,  tubes,  &c.,  causing  great  inconvenience  and  waste 
of  fuel,  and  any  considerable  quantities  of  such  salts,  as  chlo- 
ride, sulphate  and  carbonate  of  soda,  &c.,  present  in  waters, 
although  not  causing  '^  hardness,"  give  much  trouble  in  the 
form  of  "  priming."  Waters  containing  a  comparatively  large 
proportion  of  calcareous  and  magnesian  salts  are  termed 
"  Hard,"  while  those  containing  a  small  proportion  are  termed 
"  Soft."  These  qualities  are  practically  determined  by  the 
more  or  less  "  curd  "  (lime  and  magnesian  soaps)  that  is  pro- 
duced, when  the  water  is  used  with  soap.  The  amount  of 
mineral  matter  or  incrustating  substances  present  in  a  water, 
materially  depends  upon  the  geological  character  of  the  strata 
through  which  the  water  passes  or  percolates.  The  following 
table  shows  the  quality  of  the  water  obtained  from  the  various 
geological  strata  or  formations  of  this  country : — 
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Formations. 

Thickness  in  Fe«t. 

Quality  of  Water. 

Chalk 

Upper  Greensand    . 
Lower  Greensand   . 
Purbeck  and  Portland  Beds    . 
Coral  Rag  and  Grit 
Great  and  Inferior  Oolites 
Upper  Lias  Sands  . 
Marlstone  or  Middle  Lias 
New  Red  Sandstone 
Lower  Permian  Beds 

645  to  1,000 

100  to    400 

20  to      500 

Oto      60 

40 
200  to      450 
20  to      200 

30  to     250 
0  to  2,150 
Vaiiable. 

Hard. 

Rather  Hard. 

Soft  and  Good. 

Rather  Hard. 

»»          »» 
Hard. 

Soft. 
Rather  Hard.      / 
Soft  or  Variable.  S 
Soft. 

Collection  of  Samples.— For  collecting  the  water,  the 
stoppered  glass  bottles  known  as  "  Winchester  quarts,"  holding 
2i  litres,  are  generally  found  convenient.  One  of  these  filled 
will  be  sufficient  for  an  ordinary  analysis,  but  when  an  exhaus- 
tive examination  is  proposed  at  least  three  will  be  required. 

If  the  water  is  to  be  taken  from  a  pump  or  tap,  let  a  few 
gallons  of  the  water  be  run  off  before  collecting ;  then  fill  the 
bottle  to  the  top  to  expel  any  gases,  empty,  wash  out  the  bottle 
about  half  a  dozen  times  with  the  water,  and  then  fill  to  within 
about  an  inch  from  the  stopper,  and  tie  down. 

When  the  water  is  obtained  from  a  well,  tank,  or  river,  the 
clean  bottle  is  plunged  into  the  water,  and  the  neck  kept  below 
the  surface,  care  being  taken  that  no  scum,  &c.,  gets  into  the 
bottle,  and  that  no  mud  or  sediment  is  disturbed. 

When  the  water  is  intended  to  be  examined  as  to  its  suitability 
for  dietetic  purposes,  it  should  be  kept  in  a  cool,  dark  place 
previous  to  its  analysis,  which  should  take  place  within  forty- 
eight  hours  after  its  collection,  since  on  long  keeping,  any 
organic  matter  may  be  decomposed  by  fermentation,  &c. 

In  judging  of  the  suitability  of  a  water  for  boilers,  &c.,  the 
following  points  must  be  determined  :— (i)  Mechanically 
suspended  matter;  (2)  Total  solid  matter  in  solution;  (3) 
Hardness — total,  permanent,  and  temporary  ;  (4)  Chlorine  in 
chlorides;  (5)  Alkalinity;  and  (6)  Qualitative  idea  of  the 
amounts  of  sulphates,  nitrates,  lime,  and  magnesia  present. 


iqS  water. 

This  will  give  a  tolerably  good  idea  of  the  nature  and  suitability 
of  water  for  use  in  steam  boilers,  although  sometimes  a  com- 
plete mineral  analysis  of  a  water  is  desirable. 

Determination  of  Suspended  Matter. — If  on  shaking  up 
the  sample  of  water  a  fair  quantity  of  suspended  matter  is  seen, 
filter  off  about  250  cc.  of  the  sample  through  a  weighed  filter, 
wash  with  distilled  water,  dry  at  130^  C,  cool  and  weigh. 
Increase  of  weight  multiplied  by  280  =  grs.  suspended  matter 
per  gallon. 

Total  Solid  Matter  in  Solution. — Accurately  weigh  a  por- 
celain or  platinum  dish  of  about  100  cc.  capacity,  and  measure 
out  70  cc.  of  the  filtered  sample  from  a  pipette  into  it  Place 
on  a  water  bath,  evaporate  to  dryness,  remove  to  an  air  bath 
regulated  to  130^  C.  for  one  hour,  transfer  to  a  desiccator, 
allow  to  cool,  and  quickly  weigh.  Place  in  the  air  bath  for 
another  hour  at  130**  C,  cool  and  weigh  as  before.  If  the 
second  weight  is  no  less  than  that  of  the  previous  one,  the 
increase  in  weight  over  the  dish  =  total  solid  matter  in  70  cc, 
and  which  multiplied  by  1,000  gives  grains  per  gallon  of  solid 
matter. 

Determination  of  Hardness. — ^The  degree  of  hardness  of  a 
water  is  determined  by  ascertaining  the  amount  of  standard 
soap  solution  necessary  to  form  a  permanent  lather  with  a  defi- 
nite volume  of  the  sample :  the  ^'  harder  "  the  water  the  more 
soap  will  it  consume,  owing  to  the  formation  of  insoluble  cal- 
cium, magnesium,  &c.,  soaps  (''  curd  "),  brought  about  by  the 
decomposition  of  the  soda  or  potash  soap  added,  by  the  salts 
of  the  alkaline  earths  present  in  the  water.  The  hardness  of 
a  water  is  usually  expressed  in  terms  of  carbonate  of  lime,  or 
degrees  Clark  (/>.,  grains  per  gallon),  Dr.  Clark  being  the 
originator  of  the  process;  and  is  usually  determined  in  terms 
of  "temporary"  and  ** permanent *'  hardness.  By  "tempo- 
rary" is  meant  that  hardness  which  can  be  eliminated  by 
boiling  the  water,  by  which  means  the  carbonic  acid  gas  which 


k 
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holds  the  carbonates  of  lime  and  magnesia,  &c.,  in  solution  is 
expelled,  and  the  carbonates  in  consequence  precipitated.  If 
this  boiled  water  be  filtered,  the  hardness  ("  permanent ")  of 
the  filtrate  will  be  diminished  in  proportion  to  the  amounts 
of  carbonates  filtered  off.  Carbonate  of  lime  is  not,  however, 
completely  precipitated  by  boiling,  3*5  grains  per  gallon  being 
soluble  in  water  free  from  carbonic  add.  In  order  to  ascertain 
the  hardness,  a  standard  **  hard "  water  and  a  standard  soap 
solution  will  be  required. 

Preparation  of  Standard  ^^  Hard  Water. ^ — Dissolve  i"ii 
griDS.  of  pure  fused  calcium  chloride  in  a  little  water,  and  dilute 
to  1,000  cc.  at  15^  C,  or  dissolve  i  grm.  of  pure  carbonate  of 
lime  in  50  cc.  of  5  E  HCl,  evaporate  to  dryness,  dissolve 
in  50  cc.  of  water,  and  carefully  neutralize  any  trace  of  firee 
acid  with  5  E  AmHO.  In  either  case  each  cc.  of  the  solution 
will  correspond,  or  be  chemically  equivalent,  to  'ooi  grm.  of 
carbonate  of  lime. 

Preparation  of  Standard  Soap  Solution. — Castile  soap,  which 
is  supposed  to  be  made  with  soda  and  olive  oil,  is  much  used 
for  standard  soap  solutions,  but  the  writer  has  found  that  it  is 
liable  to  considerable  deterioration  on  keeping,  especially  in 
cold  weather,  owing  to  the  deposition  of  stearate  and  palmi- 
tate  of  soda ;  and  warming  up  the  solution  with  a  view  to  their 
re-solution  makes  it  more  prone  to  deposit  a  firesh  crop  of  pre- 
cipitate, and  in  consequence  it  is  never  safe  to  use  the  solu- 
tion unless  ^^  standardized*^  previous  to  use,  which  necessitates 
undesirable  factors.  Sodic  oleate,  supplied  by  Hopkin  and 
Williams,  London,  makes  a  standard  soap  solution  which 
suffers  very  little  change  on  keeping,  and  can  be  generally 
recommended  for  the  purpose.  About  13  grms.  of  it  are 
dissolved  in  a  mixture  of  500  cc.  of  methylated  alcohol  and 
500  cc.  of  water,  and  filtered  if  necessary.  It  now  becomes 
necessary  to  standardize  it,  so  that  i  cc.  will  be  equivalent  to 
*ooi  grm.  of  carbonate  of  lime.  In  order  to  effect  thfs,  12  cc. 
of  the  standard  hard  water  are  run  into  a  250  cc.  stoppered 
bottle  from  a  burette  and  diluted  to  70  cc.  A  burette  is  now 
filled  with  the  soap  solution,  which  is  run  into  the  bottle  z  cc. 
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at  a  time,  and  the  bottle  vigorously  shaken  after  each  addition, 
until  a  point  is  reached  where  a  persistent  lather,  lasting  for  at 
least  five  minutes,  is  obtained.  Note  the  volume  required.  12 
cc.  of  hard  water  should  require  13  ca  of  soap  solution  (dis- 
tilled water  itself  requiring  i  cc.  to  form  a  lather),  but  it  will 
be  a  figure  less  than  this,  and  therefore  the  soap  solution  is  too 
strong,  and  will  require  diluting,  so  that  12  ca  of  standard 
"hard"  water  will  require  13  cc  of  soap  solution.  An  example 
of  an  actual  preparation  of  a  standard  soap  solution  will  make 
matters  clear : — 

13  grms.  of  sodic  oleate  were  dissolved  in  a  mixture  of 
500  cc.  of  methylated  alcohol  and  500  cc.  of  water,  and  filtered. 
On  testing  in  the  manner  described,  12  cc  of  the  standard 
" hard"  water,  diluted  to  70  cc,  required  11 '4  cc  of  the  soap 
solution  to  form  a  persistent  lather. 

Now,  since  13  cc  should  have  been  required,  every  11-4  cc. 
of  the  soap  solution  left,  requires  diluting  by  13— 1 1*4  =  i*6  cc 

060 

There  were  060  cc.  of  the  solution  left,  therefore  - —  =  84*2, 
^  >  ii'4         ^    » 

and  84-2  X  1*6  =  134*7  cc  more  of  the  mixture  of  alcohol 
and  water  to  be  added. 

On  adding  this  quantity,  thoroughly  mixing,  and  testing  as 
before,  12  cc  of  the  standard  hard  water  req^iired  exactly 
13  cc  of  the  soap  solution. 

Determination  of  TotalHardness. — 70  cc.  of  the  clear  sample 
are  run  into  a  250  cc  stoppered  bottle,  and  the  standard  soap 
solution  run  into  it  in  the  manner  described  above,  until  a 
lather  capable  of  persisting  for  five  minutes  is  produced.  The 
number  of  cubic  centimetres  required,  minus  i  cc  for  the  water 
itself,  will  give  the  hardness  in  degrees  Clark,  or  in  terms  of 
chalk  in  grains  per  gallon.  If  the  water  should  require  more 
than  16  cc  of  standard  soap  solution,  70  cc.  of  distilled  water 
must  be  added,  and  the  testing  continued  as  before,  in  order 
that  the  lathering  may  take  place  uniformly.  Or  35  cc  of  the 
sample  are  taken,  diluted  to  70  cc,  and  tested  as  before ;  but 
the  result  must  be  multiplied  by  2.  If  the  water  contains  a  fair 
proportion  of  magnesia  salts,  there  will  be  a  little  difficulty  in 
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obtaining  the  right  point,  owing  to  the  slowness  with  which 
magnesia  salts  decompose  soap  ;  an  apparent  persistent  lather  is 
formed,  which  on  being  allowed  to  stand  a  little  while  and  again 
shaken  up,  will  disappear ;  a  little  experience  with  magnesian 
hard  waters  will  familiarize  the  operator  with  this  peculiarity. 

The  Permanent  Hardness, — 250  cc  of  the  clear  sample  are 
poured  into  a  500  cc.  flask,  and  boiled  for  one  hour,  the 
original  volume  being  kept  up  by  frequent  additions  of  boiling 
distilled  water  free  from  COj ;  after  which  it  is  covered  over 
with  a  watch  glass  and  put  into  cold  water  for  a  quarter  of  an 
hour  to  cool.  It  is  now  quickly  poured  into  a  250  cc.  gradu- 
ated stoppered  flask,  diluted  if  necessary  to  exactly  250  cc. 
at  15**  C.  with  distilled  water  free  from  COi,  well  mixed,  and 
filtered.  70  cc.  of  the  well-mixed  solution  are  now  poured 
into  the  bottle,  and  the  permanent  hardness  determined  as 
described. 

The  Temporary  Hardness. — The  temporary  hardness,  or  that 
hardness  removed  by  boiling,  is  obtained  by  deducting  the 
degree  of  permanent  hardness  from  that  of  the  total. 

Estimation  of  Chlorine  in  Chlorides. — Chlorine  is  mostly 
present  in  water  as  common  salt  (NaCl),  but  it  is  sometimes 
present  as  potassic  chloride  (KCl),  calcium  chloride  (CaClj), 
and  magnesium  chloride  (MgCla),  so  that  it  is  wise  to  express 
the  chlorine  as  chlorides,  which  of  course  could  be  run  out 
in  terms  of  common  salt.  The  chlorine  in  waters  is  usually 
determined  volumetrically  by  a  standard  solution  of  argentic 
nitrate,  using  potassic  chromate  as  indicator  of  the  end  of 
the  reaction. 

Freparatian  of  Standard  Silver  Nitrate  Solution. — Dissolve 
479  grms.  of  pure  nitrate  of  silver  in  a  little  distilled  water, 
dilute  to  exactly  i,ooo  cc.  at  15"*  C.  and  thoroughly  mixr 
Each  cc.  of  this  solution  will  exactly  precipitate  *ooi  grm.  oi 
chloride  as  chloride  of  silver. 

AgNOj  +  NaCl  =  AgCI  +  NaNOj. 
MetJwd, — Measure  out  70  cc  of  the  sample  into  a  porcelain 
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basin  of  about  loo  cc,  capacity,  and  add  to  it  two  drops  of  E 
potassic  chromate  solution.  Fill  a  burette  with  the  standard 
silver  nitrate  solution,  and  run  this  gradually  into  the  sample, 
stirring  until  the  last  drop  added  turns  the  solution  from  yellow 
to  yellowish-red,  owing  to  the  formation  of  silver  chromate. 
The  principle  of  the  process  depends  upon  the  fact,  that  silver 
has  a  greater  affinity  for  chlorine  than  for  chromic  acid,  and 
chromate  of  silver  in  consequence  is  not  permanently  produced 
until  all  the  chlorine  is  precipitated,  although  when  the  silver 
solution  drops  into  the  sample  tinted  with  potassic  chromate, 
the  silver  chromate  is  momentarily  formed,  but  is  decomposed 
on  stirring  the  solution,  by  the  chlorides  in  excess,  thus : 

AgjCrOi  +  a  NaCl  =  NaaCrO*  +  2  AgCl. 

The  number  of  cubic  centimetres  required  for  70  cc.  minus 
o'l  cc.  taken  up  for  colouring  this  quantity  of  distilled  water 
will  represent  the  chlorine  in  terms  of  grains  per  gallon,  and  this 
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multiplied  by  — -  will  give  the  number  of  grains  in  terms  of 
common  salt  (NaCl)  per  gallon. 

Determination  of  Alkalinity. — By  alkalinity  is  under- 
stood the  power  of  neutralizing  an  acid,  and  by  noting  the 
amount  of  standard  acid  of  known  strength  required  to  neu- 
tralize a  definite  volume  of  water,  the  degree  of  alkalinity  can 
be  ascertained. 

Freparation  of   Standard  —-  H%SO^  —  Run    out  from   a 

burette  50  cc.  of  standard  E  H2SO4  into  a  graduated  500  cc. 
flask,  dilute  with  distilled  water  to  500  cc.  at  15°  C,  and 
thoroughly  mix.  i  cc.  of  this  solution  will  exactly  neutralize 
•005  grm.  of  carbonate  of  lime  or  '0053  grm.  of  carbonate  of 

soda. 

Preparation  of  Cochineal  Solution, — Grind  about  5  grms.  of 
cochineal  in  a  mortar,  brush  into  a  300  cc.  beaker,  pour  on 
200  cc  of  water  and  50  cc.  of  methylated  alcohol,  and  allow  to 
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digest  with  frequent  stirring  for  a  few  hours  at  about  60®  C. 
Filter  and  bottle. 

Method, — Measure  off  250  cc.  of  the  sample  into  a  300  cc. 
flask,  add  2  cc.  of  cochineal  solution,  and  mix;  if  carbonates 
be  present  in  the  water  a  pink  colour  will  be  produced. 
Treat  250  cc.  of  distilled  water  in  the  same  manner,  when  a 
yellow  solution  is  produced,  which  will  be  of  service  in  ascer- 
taining by  comparison  the  colour  indicating  the  end  of  the  reac- 

E 

tion  with  the  —  H2SO4  on  the  sample.    Fill  a  burette  with  the 
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E 
standard  --  H2SO4,  run  it  into  the  sample  gradually,  stirring, 

until  the  last  drop  turns  the  solution  from  pink  to  the  colour 
of  the  tinted  distilled  water,  and  note  the  volume  of  solution 
required.  It  is  customary  to  express  the  alkalinity  in  terms  of 
grains  of  carbonate  of  lime  per  gallon,  and  the  number  of  cubic 

E 
centimetres  of  —  HjSOi  required  for  250  cc.  of  water,  multi- 
plied by  '005  and  280,  will  give  the  desired  figure. 

Method  for  the  Complete  Mineral  Analysis  of  a 
Water. — EsHmaHon  of  Silica^  Oxide  of  Iran  aud  Alumina^ 
Lime  and  Magnesia, — Acidulate  1,000  cc.  of  the  filtered  sample 
with  10  E  HCl,  evaporate  to  complete  dryness  in  a  platinum 
or  porcelain  dish,  and  heat  the  residue  to  about  130^  C. 
for  about  an  hour,  to  render  silica  insoluble.  Allow  the  dish 
to  cool,  moisten  residue  with  5  cc.  of  5  E  HC1|  add  50  cc.  of 
water,  and  allow  to  digest  until  all  that  is  soluble  is  dissolved ; 
filter  off  the  insoluble  residue,  which  is  silica,  through  a  small 
ashless  filter,  wash  with  hot  water  till  firee  from  chlorides,  dry, 
ignite  in  weighed  crucible,  cool,  and  weigh ;  increase  in  weight 
multiplied  by  70  =  grains  per  gallon  of  silica.  The  solution 
is  now  made  slightly  alkaline  with  20  E  Am  HO,  gently  boiled 
until  the  smell  of  ammonia  has  nearly  all  gone  off,  the  pre- 
cipitated oxide  of  iron  and  alumina  filtered  through  a  small 
ashless  filter,  washed,  dried,  ignited  and  weighed.  The  pro- 
portion of  oxide  of  iron  and  alumina  in  water  is  usually 
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SO  small  that  they  are  estimated  and  expressed  together,  and 
sometimes  with  the  silica  in  addition.  The  filtrate  from  the 
iron  oxide,  &c.,  which  should  be  about  150  cc.  in  volume, 
is  now  made  strongly  alkaline  with,  say,  5  cc.  of  20  £  AmHO, 
and  5  cc.  of  5  E  AmCl  are  added  to  keep  magnesia  in 

E 

solution.     10  cc  of   —    araraonic   oxalate  are  now  added, 

2 

the  solution  well  stirred,  and  the  precipitated  oxalate  of  lime 
thus  produced  allowed  to  subside  for  a  few  hours,  after  which 
it  is  filtered  off  through  an  ashless  filter,  washed  with  water, 
dried  in  the  water  bath,  transferred  to  a  weighed  platinum  cru- 
cible, heated  gently  at  first,  and  finally  for  ten  minutes  to  the 
highest  heat  of  the  blow-lamp.  The  oxalate  thus  becomes  con- 
verted into  anhydrous  calcium  oxide  (lime) ;  cool  in  the  desic- 
cator, and  weigh.  Increase  in  weight  multiplied  by  70  =  grains 
of  combined  lime  per  gallon,  and  this  figure  multiplied  by 
07143,  gives  grains  of  calcium  per  gallon. 

The  filtrate  is  now  evaporated  to  about  80  cc.,  5  cc  of  20  E 
AmHO  and  6  cc  of  £  sodic  phosphate  solution  added,  well 
stirred,  and  allowed  to  stand  in  the  cold  for  about  twelve  hours. 
The  magnesia  is  thus  precipitated  as  ammonio-phosphate.  It  is 
filtered  off,  and  the  filtrate  used  with  the  aid  of  a  feather  to  trans- 
fer the  last  portions  of  precipitate  sticking  to  the  beaker,  to  the 
filter.  This  method  is  adopted  to  limit  the  amount  of  wash  water 
used,  in  which  the  precipitate  is  somewhat  soluble ;  the  precipi- 
tate is  finally  washed  with  a  minimum  quantity  of  10  £  AmHO« 
The  filtrate  is  measured,  and  001  grm.  allowed  for  each  50  cc, 
due  to  its  solvent  action  on  the  ammonio-phosphate.  The  pre- 
cipitate is  dried,  carefully  ignited  to  a  bright  red  heat  in  a 
weighed  platinum  or  porcelain  crucible,  cooled,  and  the  resulting 
pyrophosphate  of  magnesia  (MgjPaOT)  weighed.  After  adding 
the  amount  that  was  dissolved  by  the  ammoniacal  solution, 
multiply  by  '2162  and  70,  and  the  figure  obtained  expresses 
grains  per  gallon  of  magnesium. 

Estimation  of  Potash  and  Soda, — 1,000  cc  of  the  sample  are 
evaporated  to  about  50  cc,  about  0*15  grm.  of  caustic  baryta 
added   the  solution  boiled  for  a  little  while,  and  the  precipi- 
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tated  carbonates,  hydrate  of  magnesia,  &c.,  filtered  off.  5  E 
AmaCOs  is  now  gradually  added  until  no  further  precipitate  of 
carbonates  of  baryta  and  lime  is  produced.  After  allowing 
to  settle,  they  are  separated  by  filtration,  the  filtrate  being 
received  in  a  weighed  platinum  dish. 

The  solution  now  contains  the  sodium  and  potassium  in 
the  form  of  chlorides,  together  with  ammoniacal  salts  ;  it  is 
acidulated  with  10  £  HCl,  evaporated  to  dryness,  and  the  residue 
cautiously  heated  with  the  naked  flame  of  a  Bunsen  burner 
to  expel  ammoniacal  salts,  which  are  driven  off  as  dense 
fumes.  Great  care  must  be  taken  that  the  heat  applied 
does  not  exceed  very  dull  redness,  or  the  chlorides  of  the 
alkalies  will  suffer  loss  by  volatilization.  After  fames  have 
ceased  to  come  off,  the  dish  containing  now  KCl  +  NaCl 
is  cooled  in  a  desiccator  and  weighed.  If  the  proportion  of 
K  and  Na  present  be  required,  proceed  as  follows  : — Dissolve 
in  10  cc.  of  water,  add  4  cc.  of  £.  platinic  chloride,  evaporate 
on  water  bath  to  a  pasty  condition,  digest  with  10  cc.  of  methy- 
lated alcohol,  decant  off  the  clear  liquid  from  the  precipitate  of 
double  chloride  of  platinum  and  potassium  (2  KClPtCli) 
through  a  weighed  filter,  add  5  cc.  more  alcohol  to  the  residue, 
digest,  and  decant  as  before,  repeating  the  digestion  a  third  and 
fourth  time,  finally  transferring  the  precipitate  to  the  filter 
with  the  aid  of  a  feather  and  a  stream  of  alcohol  from  a  small 
wash  bottle.  The  filter  and  its  contents  are  now  dried  in  a 
water  oven  and  weighed  between  two  tared  watch  glasses.  The 
weight  of  the  2  KCLPtCUthus  obtained,  multiplied  by  0-3070= 
KCl ;  subtract  this  from  the  weight  of  KCl  +  NaCl  as  obtained 
above ;  remainder  =  NaCl.    Then — 

KCl    X  '5244  X  70  :=  grains  K  per  gallon^ 

and 

NaCl  X  '3934  X  70  =      „    Na  „        „ 

Estimation  of  Sulphates — 1,000  cc.  of  the  clear  sample  are 
acidulated  with  10  cc.  of  10  £  HCl,  evaporated  to  about  250 
cc.  in  a  porcelain  basin,  transferred  to  a  300  cc  beaker,  heated 
to  boiling,  10  cc.  of  £  baric  chloride  solution  added,  well 
stirred,  and  allowed  to  stand  twelve  hours.    The  resulting 
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baric  sulphate  is  then  filtered  off,  washed,  dried,  scraped  into  a 
weighed  crucible,  filterer  ignited  separately,  residue  added  to 
main  portion,  the  whole  ignited  at  a  dull  red  heat  for  ten 
minutes,  cooled  and  weighed.  BaSO,  x  *4i3  x  70  =  grains 
combined  SOi  (sulpbion)  per  gallon. 

Estimation  of  Nif rates. ^ A.  very  neat  method  ot  estimating 
the  proportion  of  nitrates  and  nitrites  in  waters,  is  the  adoption 
of  Cnira's  method  for  the  refraction  of  nitre,  in  which  process 
the  determination  is  deduced  from  the  volume  of  nitric  oxide 
gas  given  off  when  a  concentrated  so- 
lution of  the  sample  is  shaken  up  with 
36  E  H^Oi  and  mercury,  in  a  gradu- 
ated tube  termed  a  nitrometer.     The 
following  is  the  manner  in  which  the 
process  is  carried  out : — 500  cc,  or  more 
if  necessary,  of  the  sample,  are  evapo- 
"  rated   to  dryness  in   a  porcelain  basin, 

and  the  residue  drenched  repeatedly 
with  small  quantities  of  hot  water,  the 
solution  of  the  nitrates  being  assisted  by 
rubbing  the  residue  with  the  clean  finger. 
Filter  into  a  small  beaker,  and  wash  the 
residue  with  a  little  hot  water  to  ensure 
complete  solution  of  all  the  soluble  ni- 
trate. The  solution  is  now  to  be  evapo- 
rated to  a  volume  not  exceeding  i^  cc., 
Fia.  48.  and  poured  into  the  cup,  a,  of  the  nitro- 

meter, Fig.  48,  already  filled  with  mer- 
cury. By  lowering  the  tube  D,  and  opening  the  tap  b,  the 
liquid  is  made  to  run  into  the  graduated  tube  c,  and  by  careful 
manipulation  no  air  need  enter;  wash  out  the  bcaket  with 
small  quantities  of  water  into  c  (using  3  cc.  in  all),  and  then 
pour  6  CO.  of  36  E  H3O4  free  from  nitrates  into  the  beaker, 
finally  transferring  it  in  small  quantities  at  a  time  into  c  through 
B.  Any  air  or  COj  which  is  produced  is  now  got  rid  of  by  rising 
D  and  carefully  opening  b.  The  tube,  c,  is  now  taken  out  of 
it8  clip,  held  at  an  angle  of  about  40°,  and  shaken  in  this  plane 
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for  about  five  minutes,  part  of  the  mercury  being  thus  finely 
divided  and  mixed  with  the  liquid.  Allow  to  stand  for  five 
minutes,  and  again  shake  as  before,  until  no  further  increase 
in  the  volume  of  gas  given  off  takes  place.  Raise  or  lower  d, 
as  the  case  may  be,  until  the  level  of  the  mercury  therein  is 
about  one^eventh  of  the  volume  of  the  liquid  above  the  level 
of  the  mercury  in  a  Read  oflf  the  volume  of  nitric  oxide  (NO), 
and  note  the  temperature  and  barometric  pressure  at  the  time. 
Now  since  nitric  oxide  contains  half  its  volume  of  nitro- 
gen, the  volume  of  gas  thus  found  represents  the  volume 
of  nitrogen  fi'om  looo  cc.  of  sample ;  looo  cc.  of  nitrogen  at 
o^  and  760  mm.  mercury  weigh  1*2544  grms.,  so  that 

cc.  ofN(ato°C.andy6omm.)  X  i'2544  X  70__ 

1,000 

grains  of  nitrogen  per  gallon,  and  the  figure  thus  obtained 

multiplied  by  —  =  grains  NOj  per  gallon. 

Estimation  of  Organic  Matter. — ^The  accurate  determination 
of  total  organic  matter  in  a  water  is  attended  with  difficulties, 
owing  to  the  decomposition  of  carbonate,  nitrate,  magnesic 
chloride,  &c.,  during  the  ignition  of  the  residue.  However, 
a  fair  idea  may  be  had  of  the  proportion  present  by  the  follow- 
ing method : — Evaporate  500  cc  of  the  water  to  dryness  in  a 
platinum  dish,  and  dry  the  residue  at  130°  C.  until  the  weight 
remains  constant ;  we  thus  obtain  the  total  solid  residue.  It 
next  becomes  necessary  to  gently  ignite  so  as  to  bum  off  all 
organic  matter  at  as  low  a  temperature  as  possible.  For  this 
purpose  the  dish  is  placed  on  a  pipeclay  triangle,  fixed  to  a  ring 
on  a  retort  stand,  and  a  flame,  from  a  Bunsen  burner,  held  in 
the  hand,  is  made  to  play  on  the  dish  for  ten  minutes,  care 
being  taken  that  the  temperature  does  not  exceed  a  dull  red 
heat.  It  is  now  cooled  in  a  desiccator  and  weighed,  and  the 
ignition  repeated  as  before  until  no  further  loss  occurs.  The 
COt  that  has  been  driven  off  from  the  carbonates  is  now  re- 
placed by  evaporating  with  strong  COt  water,  prepared  by 
acting  upon  marble  with  2  E  HCl,  washing  the  gas  with  water. 


208 


WATER. 


and  saturating  distilled  water  with  the  washed  gas.  The  dish  is 
filled  with  COi  water  thus  prepared,  and  evaporated  to  dry- 
ness, the  process  being  repeated  four  times  more,  which  will  be 
generally  sufficient  to  replace  all  COt  lost  by  ignition.  The 
residue  is  next  dried  at  130°  C.  until  the  weight  remains  con- 
stant By  subtracting  this  weight  fi'om  that  of  the  total  solid 
residue  the  remainder  is  taken  as  organic  matter. 

Conversion  of  Solid  Besidue  into  Sulphates. — Often  it 
is  sufficiently  accurate  to  determine  the  amount  of  combined 
sodium  (disregarding  potassium)  indirectly.  For  this  purpose 
the  residue  from  the  determination  of  the  organic  matter  is 
evaporated  to  dryness  with  excess  of  £  sulphuric  acid  to  con- 
vert into  sulphates,  the  residue  gently  ignited  with  ammonic 
carbonate,  cooled,  and  weighed.  The  following  analytical  data 
of  a  complete  analysis  of  a  sample  of  water  from  the  river 
Wye,  at  Ross,  Monmouthshire,  by  the  writer,  illustrate  the 
manner  in  which  the  bases  and  acids  are  combined,  the 
combined  sodium  being  in  this  case  determined  indirectly. 

RiVEK  Wye  Water. 
Estimation  of  Silica,  Oxide  of  Iron,  and  Alumina, 

1,000  cc.  taken. 

Porcelain  Crucible  marked  4  ....    8*2225 

Do.  +  SiOj  +  Fe203  +  AI2OJ      . 


•0037  X  70  =  0*259  grain  per  gallon. 


8-2262 


•0037 


Estimation  of  Combined  Calcium. 

1,000  cc.  taken. 

Porcelain  Crucible,  marked  I 6*4129 

Do.  -|-  CaO  -|-  filter  ash  No.  3        .        .        .        .    6-4450 
„  „  „  2nd  ignition  .    6-4449 


CaO  +  F.  A. 
F.A. 

CaO 


•0320 
-0017 

•0303 


"0303  X  7143  X  70  =  1*52  grains  Ca  per  gallon. 
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Estimation  of  Combined  Magnesium, 

i,ooo  cc.  taken. 

Porcelain  Crucible,  marked  2        .        .        •        .      6*1902 

Do.  -|-  MgaPcO? 6*2052 

„  „        2nd  ignition         ....      6*2052 

•0150 
Allowing  for  solubility  of  precipitate  in  ammoniacal 

solution -0026 

MgaPsOT.        .       -0176 
•0176  X  '2162  X  70  =  0*27  giain  Mg,pcr  gallon. 

Estimation  of  Sulphates  (JSOi^, 

1,000  cc.  taken. 

Porcelain  Crucible,  marked  B  ....    6-4129 

Do.  +  BaSOi  +  F.A.  No.  2         .        .        .        .     6*4412 

„  „  ,»  »        2nd  ignition    ,        .     6*4412 


•0283 
F.A.        •      -0009 

•0274 

0274  X  '412  X  70  =  0*79  grain  SO4  per  gallon. 

Estimation  of  Chlorine  in  Chlorides, 

100  cc.  taken. 

I  cc.  standard  AgNOs  :=  *ooi  grm.  CI. 

100  cc.  sample  required  '95  cc.  standard  AgNOs. 

•95  X  7  =  '67  grain  chlorine  per  gallon. 

or         *— L2S L^z:  1*1  grain  common  salt  (NaCl)  per  gallon. 

Total  Hardness, 

70  cc.  of  the  sample  required  6  cc.  of  standard  soap  solution  to  produce 
a  persistent  lather  for  5  mins.  6  —  i  =  5°  Clark. 

Estimation  of  Nitrates, 
500  cc.  taken. 

NO  liberated 0*2  cc. 

Temperature 19**  C. 

Barometric  pressure 29  25". 

R 
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(273  +   19)     30 

Now  a  liire  of  nitrogen  at  o**  and  760  mm.  iiveighs  1*2544  grms. 

•182  X  1*2544  o  -- 
— ^^  =  •ocx>228  grm.  N. 

'00023  X  70  =  *oi6i  grain  N  per  gallon, 
or  ^-1^ —  =  -07 13  grain  NOs  per  gallon 

AlkalmUy. 

E 
I  cc.  standard  —  HjSOa  =  '005  grm.  CaCOi 

250  cc.  of  sample  required  27  cc.  of  ^  HsSOa  for  neutralization. 

27  X  '{X)5  X  280=  378  grains  per  gallon,  expressed  as  carbonate 
of  lime. 

Estimation  of  Or  game  Matter, 

500  cc.  taken. 

Grms. 

Platinum  Dish 407432 

Do.  -|-  residue  dried  for  2  hours  at  130^  C.    .        .  407946 

„  „  I  „  .        .  407944 

„  „       ignited  10  mins.  dull  red  heat        .  407843 

„  „  „      2nd  10  mins.  dull  red  heat .  407818 

»»  >f  »»      S^d      „  „  „  407804 

M  )}  If      4th      „  „  „  407S00 

After  evaporating  four  times  with  COt  water  and 

dried  at  130®  C 407924 

After   evaporating    once  more   with   COa  water 

and  dried  at  130°  C 407925 

Organic  matter    .        •        *ooi9 
*00I9  X  2  X  70  =  0*27  grain  organic  matter  per  gallon. 

Conversion  of  Solids  into  Sulphates, 
500  cc.  taken. 

Platinum  dish  -|-  sulphates,  after  ignition  with  am.  carb.    .  40*8010 

„                   „        after  2nd  ignition  with  am.  carb.  40*8008 

,»                   »»          If    3rd        „        „          „  408008 

„ 407432 

•0576 
0576  X  2  X  70  =  8*06  grains  per  gallon. 
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Tabulated  Results. 

Grains  per  gall. 

Organic  matter 0'27 

Inorganic  matter 6*90 

Total  Sulphate  formed       .        .  .        8*06 

Calcinm 1*52 

Magnesium 0-27 

Silica,  Oxide  of  Iron,  and  Alumina    .        .  0*26 

Sulphion  (SO4) 079 

Chlorine 0*67 

Sodium  (by  calculation)     ....  0'4i 

Nitrion  (NO3) 0-07 

Carbonates  (COs)      .        .        .        .        •  2-41 

6*40 
and  these  may  be  combined  as  follows  : — 

i:Si±iZ  =  S..7CaS04. 

•27  X  5  =  ''35  MgSOi. 

CaSOi  +  MgSOi  +  SiOz,  &c.  =  6-78. 

8  06  —  678  =  I  28  NazSOi. 

71  :  23  :  :  1*28  :  «  =  '41  Na. 

46  :  117  :  :  -41  :  «  =  1*04  NaCl. 
I "04  —  '41  =  '63  combined  CI  used 
•67  —  -63  =  -04  CI  remaining. 

71  :  III  :  :  -04  :  «  =:  -06  CaCla.  ' 
•06  —  -04  :=  '02  Ca  used. 
1*52  —  '02  =2  1*5  Ca  remaining. 

31  :  41  :  :  '07  :  a?  —  =  -09  Ca  (N03)a. 

•09  —  -07  =  '02  Ca  used. 

1*5  —  '02  =  1*48  Ca  remaining. 

12  :  17  :  :  79 :  J?  =  viz  CaSOi. 

I '12  —  '79  =  '33  Ca  used. 

1-48  —  '33  =  i'i5  Ca  remaining. 

2:5::  1-15  :  X  =  2-88  CaCOa. 
2:7::  0-27  :  X  =:  '95  MgCOs. 
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Summary, 
Sodic  Chloride          .... 

Grains  per  gall. 
1*04 

Calcic-  Chloride  .        .        .  *     . 

0-o6 

Calcic  Nitrate 

0-09 

Calcic  Sulphate         .... 

I'I2 

Calcic  Carbonate       .... 

2-88 

Magnesium  Carbonate 

0-95 

Silica,  Oxide  of  Iron,  and  Alumina  . 

0-26 

Organic  Matter          .... 

0*27 

6-67 

Remarks. — Solids  gave  a  slight  odour  of  peat  on  ignition.  Colour 
(before  and  after  filtratioi)  brownish-yellow.  Suspended  matter  very 
small.    Reaction  :  very  slightly  alkaline. 

Owing  to  the  small  proportion  of  incrustating  salts  present, 
this  water  is  of  first  class  quality  for  use  in  steam  boilers. 

The  following  ingredients  were  obtained  by  Stillman  in  a 
sample  of  water  by  the  method  described  on  the  opposite 
page  :— 

Grains  per 
Imperial  gallon. 
Silica 05740 

SOs 1*4420 

CI  03850 

K2O 0-0350 

Na20 0-4340 

MgO 05390 

CaO 1 3580 

FeaOsAlaOs 0-3570 

Organic 1*3510 

Carbonic  Acid 0-9590 


Oxygen  in  excess  of  Ci 


7-4340 

0-II20 
7-3220 


Having  determined  the  component  parts  of  the  water  residue 
in  grains  per  gallon,  it  becomes  necessary  to  unite  these  in 
chemical  union,  as  near  as  possible,  as  they  exist  in  the  water. 

The  general  rule  may  be  stated  as  follows : — The  chlorine  is 
combined  with  the  sodium ;  if  still  in  excess,  with  the  potas- 
sium, then  magnesium,  and  finally  calcium.  The  sulphuric 
acid  is  combined  to  the  alkalies,  provided  there  is  not  enough 
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chlorine  to  saturate  them ;  then  to  the  calcium,  and  finally 
to  the  magnesium. 

The  carbonic  acid  is  united  with  the  calcium  and  magnesium 
after  the  other  combinations  are  made.  There  are  exceptions 
to  this  rule ;  mineral  waters  and  many  artesian  well  waters  form- 
ing notable  examples. 

Carrying  out  the  above,  the  following  is  obtained : — 

Gnns.  per  Grains  per 

litre.  Imperial  gallon. 

NaCl 0-0091  0-6370 

Na2S04 00033  0-2310 

KsSOi 0-0009  0-0630 

CaS04 0031 1  2*1770 

CaCOs 0.01 18  0-8260 

MgCOa 0-0162  1*1340 

FeaOsAlaOs    ....  0*0051  0-3570 

SiOa 0-0082  0-5740 

Organic,  &c 0*0193  1*3510 

Total    .         .    0-1050  7*3500 

This  analysis  shows,  that  the  principal  scale-forming  ingre- 
dient is  calcium  sulphate,  being  more  than  equal  to  the  carbon- 
ates of  calcium  and  magnesium. 

The  following  analysis  is  of  a  water  containing  sulphuric 
acid^  but  the  alkalies  being  present  in  sufficient  amount  to 
combine  with  all  of  it,  as  well  as  the  chlorine,  no  sulphate  of 
lime  is  present. 

Grms.  per  Grains  per 

litre.  Inapcrial  gallon. 

SiOa ©-0038  0-2660 

SO3         .        .        .        .        .    o-ciio  0*7700 

CI 0*0062  04340 

K2O 00033  0-2310 

NatO 00185  1-2950 

MgO 00165  '''55^ 

CaO 00466  3*2620 

AlaOsFejOj     ....  00020  0*1400 

Organic  Matter          .         .         .  0*0246  1*7220 

Carbonic  add   .        .        .        .  0*0530  3*7100 

0*1855  12*9850 

Ox}'gen  in  excess  of  CI      .  0*0021  0*1470 

Total    .        .    0*1834  12*8380 
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Combined  as  follows  j—               ^  ^  , 

Gnnt.  per  Grains  per 

litre.  Imperial  gallon. 

NaCl 0*0154  1*0780 

NatS04 0*0141  0*9870 

KtS04 0'Oo6i  0*4270 

CaCOs     .        .        .   "     •        .    0*0833  5*8310 

MgCoa 0*0338  2*3660 

Al203Fe203     •        .        •        .    0*0020  0*1400 

SiOt 0*0038  0*2660 

Organic 0*0246  1*7220 


Total    •        .    0'i83i  12*8170 

Where  all  the  chlorine  is  not  in  combination  with  the  sodium 

■ 

and  potassium,  chloride  of  magnesium  is  usually  present. 

This  latter  compound,  while  not  scale-formingi  is  considered 
an  active  corrosive  agent — upon  the  supposition  that  at  the 
temperature  of  100^  C,  and  higher,  it  is  decomposed,  and 
hydrochloric  acid  formed  aqd  liberated. 

The  report,  given  below,  is  of  a  water  from  a  driven  well  in 
Florida.  Complaint  having  been  made  that  not  only  was  the 
scale  excessive  in  amount,  but  that  corrosive  action  was  also 
very  marked,  an  analysis  was  made,  reference  to  which  readily 
explains  the  difficulty  encountered  in  the  boilers. 

Grms.  per  Grains  per 

litre.  Impel tal  gallon. 

NaCl 0*323  22'6i 

KCl 0*067  467 

MgClt 0*104  7'28 

CaSO* 0-197  13*79 

CaCOs 0293  2051 

MgCOs 0*144  1008 

SiOi    ......  0*011  0*7 

Al20jFea03         ....  0*007  0*49 

Organic        .        .  .        .0*138  9*66 

Total    .         .     1*284  89*88 

In  all  of  the  above  analyses  the  constituents  have  been 
stated  in  grains  per  British  imperial  gallon,  rather  than  in 
parts  per  100,000,  the  former  being  in  general  use  by  the  me- 
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chanical  profession  as  the  proper  method  by  which  to  express 
the  weights  of  the  component  parts  of  water. 


Analyses  of  Biver  Waters. — The  following  are  analyses 
of  various  river  waters,  expressed  in  parts  per  1 90,000 : — 

The  Thames  at  Twickenham. 
Total  solid  contents  32*01. 


Carbonate  of  Lime 

„         Magnesia 
Sulphate  of  Lime         • 


99 


Soda 


1823 

1.47 
0-64 

2-86 


Sulphate  of  Pol  ash 
Chloiide  of  Lime 
Silica  . 
Organic  Matter    • 


0-95 
2-50 
039 

4*97 


The  Seine  above  Paris. 
Total  solid  contents  17 '9a 


Carbonate  of  Lime       .        .    9*20 

„         Magnesia        .    3*90 

Sulphate  of  Lime         .        •    2*00 


Sulphates  of  Soda  and  Mag- 
nesia     ....  I 'CO 
Chloride  of  Lime          .         .  I  'OO 
Silica,  Alumina,  Iron  Oxide  0*80 


The  Rhine  at  Strassburo. 
Total  solid  contents,  23*18. 


Carbonate  of  Lime        .  .  I3'56 

„         Magnesia  .    0*51 

Sulphate  of  Lime         .  .     1*47 

„        Soda  .  .     i'35 

Chloride  of  Soda  .        .  .    0*20 


Nitrate  of  Potash 
Silica  . 
Alumina 
Iron  Oxide  . 


0-38 
4-88 
0*25 
058 


The  Rhone  at  Geneva, 
Total  solid  contents  18*20. 


Carbonate  of  Lime 

„         Magnesia 
Sulphate  of  Lime 

„         Magnesia  . 
Sulphate  of  Soda 


7-89 
0-49 
4-66 
0*63 
074 


Chloride  of  Soda 
Nitrate  of  Soda 
Silica  . 
Alumina 


0*17 
o*85 
2-38 
0-39 


WATER  ANALYSES. 


217 


The  Danube  at  Vienna 
Total  solid  contents  12 '62. 


Carbonate  of  Lime 

,,         Magnesia 
Sulphate  of  Lime 
Sulphate  of  Magnesia  . 


8-37 
1-50 

0*29 
1-57 


Sulphate  of  Potash  and  Soda 

Silica 

Iron  Oxide  •        •        .        • 


0*20 

049 

0-20 


The  Spree  at  Berun. 
Total  solid  contents  11*40. 


Carbonate  of  Lime 

,,         Magnesia 
Sulphate  of  Soda 
Sulphate  of  Potash 


6-50 
0*90 
0'6o 
o-6o 


Chloride  of  Soda 
Nitrate  of  Soda    . 
Alumina  and  Iron 


1*20 

030 
1-30 


The  following  are  analyses  by  Professor  VVanklyn,  of  waters 
supplied  to  the  Metropolis  by  three  of  the  principal  water 
companies  : — 

West  Middlesex  Company. 

(Grains  per  gallon). 

Silica 0*3      Sulphate  of  Magnesia    .        •    0*6 

Carbonate  of  Lime         •         .   12*9      Nitrate  of  Magnesia        .        .     i-i 
Sulphate  of  Lime  .        .        .    2*4      Chloride  of  Sodium        .        .    2*0 


New  Rtver  Company. 


Silica  .        .        . 
Alumina,  &c. 
Carbonate  of  Lime 
Sulphate  ol  Lime 


0-26 

0*14 

1270 

r6o 


Nitrate  of  Lime   . 

„        Magnesia 
Chloride  of  Sodium 


i-oo 

1*28 
2 '02 


Kent  Company. 

Silica 0*75^ 

Alumina,  &c 0-22  I 


Carbonate  of  Lime 
Water 


16-30 
ro3 


y  z=z  i8'3  insoluble  solids. 

J 


2l8 


WATER. 


Silica,  Alumina,  &c. 
Sulphate  of  Lime 

„         Magnesia 
Nitrate  of  Magnesia 

f,  Soda  . 
Chloride  of  Soda  • 
Water 


Kent  Company  (continued^, 

028^ 

537 
093 

1*20  ^ 

I-2I 

2*64 

037  J 


=  12*0  soluble  solids. 


Deep  Well  Water  at  Croydon,  Surrey. 
(Giains  per  gallou). 


Total  solid  contents     . 

.      21-6 

Sulphate  of  magnesia  . 

•       1-4 

Silica  .... 

.   irace 

Chloride  of  soda  . 

.       1-8 

Carbonate  of  lime 

.     14-1 

Nitrate  of  soda    . 

•       1-4 

Sulphate  of  lime  .        • 

.       1-8 

,,       potash . 

I'l 

Sea  Waters. — The  following  are  analyses  of  various  sea 
waters,  from  which  it  is  seen  that  sodic  chloride  is  present  to 
the  extent  of  nearly  3  per  cent,  the  other  constituents  being 
comparatively  small. 


» 

I'ritish  Channel. 

Irish  Sea. 

(Schweitzer). 

(Thcrpe). 

Pes.  per  1000. 

Pts.  per  looo 

Water. 

96374372 

966-14054 

Sodic  Chloride 

28-05948 

26-43918 

Potassic  Chloride . 

076552 

0*74619 

Magnesic  Chloride 

3-66658 

3'150«3 

Magnesic  Bromide 

0*02929 

0*07052 

Magnesic  Sulphate 

2-29578 

2-06608 

Calcic  Sulphate    . 

1-40662 

1-33158 

Calcic  Carbonate  . 

0-03301 

0-04754 

Iodine  . 

traces 

Ammonic  Chloride 

II 

0-00044 

Ferrous  Carbonate 

— . 

0*00503 

Magnesic  Nitrate . 

— 

0*00207 

lOOO'OOOOO 

1000*00000 

Specific  Gravity  . 

1027*4  at  16° 

1024-84  at  15° 

Mediter- 
ranean. 
lUsifflio). 
Pts.  per  1000. 

962-345 
29-424 

0505 
3*219 

0-556 
2*477 

1-357 
0*114 


0*003 


1000*000 
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According  to  Dittmar  the  solids  obtained  from  sea  water 
have  the  following  percentage  composition  : — 


Chloride  of  Sodium     .        • 

.        .     7776 

Chloride  of  Magnesiam 

.     10-88 

Sulphate  of  Magnesia.        •        . 

.      474 

Sulphate  of  Lime       •        • 

.      3'6o 

Sulphate  of  Potash     .        .        • 

•        .      2*46 

Bromide  of  Magnesium       .        • 

0'22 

Carbonate  of  Lime 

•        034 

100*00 


The  Softening  of  Hard  Waters. — Of  late  years  consider- 
able attention  has  been  paid  to  the  question  of  softening  of 
hard  waters  intended  for  use  in  steam  boilers.  The  importance 
of  obtaining  soft  waters  for  boilers  cannot  be  too  strongly  urged 
upon  steam-users,  especially  from  an  economic  point  of  view. 
The  loss  of  heat,  and  consequent  increase  in  the  consumption 
of  fuel,  attending  the  deposition  of  incrustating  salts  on  boiler 
tubes,  &c,  is  very  great,  and,  owing  to  the  incrustation  being 
such  a  bad  conductor  of  heat,  the  wear  and  tear  of  a  boiler  is 
materially  increased  by  augmenting  unequal  expansion,  due  to 
over-heating  of  tubes,  &c  It  is  computed  that  iV  inch  thick 
of  incrustation  in  a  boiler  increases  the  consumption  of  fuel  by 
about  15  per  cent,  in  the  production  of  a  given  quantity  of 
steam,  while  a  layer  of  ^  inch  causes  a  dead  loss  of  30  per  cent. 
of  fuel. 

The  number  of  chemical  substances  which  have  been  used, 
and  suggested,  to  be  placed  in  boilers  to  remedy  the  evils 
brought  about  by  the  use  of  hard  waters  is  legion.  The  fol- 
lowing are  a  few  of  the  substances  that  have  been  used,  and 
said  to  prevent  or  remove  incrustations : — Tannate  of  soda, 
caustic  soda,  tannic  acid,  molasses,  potatoes,  Irish  moss,  petro- 
leum, tallow,  spoiled  bacon,  ammonium  chloride.  Barium 
chloride,  besides  many  patent  "  fluids  **  and  "  compositions." 
The  introduction  of  oil  or  grease  into  a  boiler  prevents,  to  a 
great  extent,  the  cementation  of  the  precipitated  carbonates 
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and  sulphates  on  to  the  tubes,  but  unless  frequent  blowing-off 
is  resorted  to  serious  consequences  may  accrue,  due  to  a  com- 
bination of  the  carbonates  of  lime  and  magnesia  with  the  oil ; 
explosions  are  said  to  have  been  brought  about  by  this  cause. 

The  writer's  experience  has  shown  that  the  successful  and 
economic  treatment  of  hard  water  must  be  performed  prior  to 
its  entering  the  boiler.  Many  of  the  nostrums  used  while 
remedying  one  evil  produce  others,  such  as  increasing  the 
soluble  matter  of  the  water  and  causing  priming,  corrosive 
action  on  tubes  and  plates,  &c 

The  most  economic  process  for  softening  hard  waters,  at 
least  those  waters  containing  the  carbonate  of  lime  and  mag- 
nesia in  solution,  is  undoubtedly  that  devised  by  the  late  Dr. 
Clark.  The  principle  of  the  process  depends  upon  the  fact 
that  the  carbonates  of  lime  and  magnesia  are  held  in  solution 
by  an  excess  of  carbonic  acid,  and  if  the  excess  of  carbonic 
acid  be  removed  by  boiling  or  neutralization,  the  carbonates 
are  no  longer  soluble  in  the  water  and  are  at  once  precipitated. 
In  Dr.  Clark's  process  a  clear  solution  of  lime — prepared  by 
slaking  quick-lime  and  adding  a  large  quantity  of  water, 
allowing  any  excess  of  lime  hydrate  to  subside — is  added  to  the 
water  intended  to  be  softened  until  the  whole  of  the  free  car- 
bonic acid  is  neutralized.  The  free  carbonic  acid  in  the  hard 
water  combines  with  the  lime  in  the  lime  water  with  the 
formation  of  carbonate  of  lime,  which  is  co-precipitated  with  the 
carbonates  of  lime  and  magnesia  in  the  hard  water,  thus — 

CO2  +  Ca(OH)2  =  Ca  CO3  +  HaO. 

In  judging  if  the  right  quantity  of  lime  water  has  been  added, 
a  little  of  the  water  is  taken  out  of  the  softening  tank  and 
poured  into  a  test  tube ;  a  few  drops  of  silver  nitrate  solution  is 
then  added — if  there  be  no  excess  of  lime  a  white  turbidity  is 
produced :  a  slight  excess  of  lime  produces  a  straw  colour,  and 
a  greater  excess  will  produce  a  brown  precipitate. 

In  Dr.  Clark's  original  process,  for  which  he  took  out  a  patent 
in  1 841,  no  provision  was  made  for  filtering  the  precipitate 
carbonates ;  the  softened  water  was  to  be  allowed  to  clarify  b> 
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subsidence,  which  necessitated  the  use  of  large  and  costly  tanks, 
and  the  time  required  for  complete  subsidence  was  so  long  as 
to  render  the  process  practically  useless  where  a  continuous 
and  large  supply  of  softened  water  was  required ;  and,  more- 
over, the  sulphates  of  lime  and  magnesia  present  in  the  water 
were  not  eliminated  by  the  process.  Since  Dr.  Clark's  time 
there  have  been  many  ingenious  arrangements  for  softening 
and  rapid  filtration  of  the  precipitates.  Mr.  Porter  appears  to 
have  been  the  first  to  invent  a  patent  filter  for  the  continuous 
softening  and  filtration  of  water.  Many  others  have  likewise 
made  improvements  in  the  mechanical  details  essential  to  rapid 
filtration.  Atkins,  Gaillet  and  Huet,  Howatson,  Maignen, 
and,  more  recently,  Archbutt  and  Deeley,  have  invented  pro- 
cesses and  mechanical  arrangements,  which  now  make  the 
question  of  water-softening  easy,  economic,  and  efficacious. 

It  will  not  be  necessary  for  the  purpose  of  this  work  to  go 
into  the  merits  and  demerits  of  all  the  methods  of  softening 
and  filtration,  but  a  description  of  the  Archbutt  and  Deeley 
process  may  be  given,  as  being,  in  the  writer's  opinion,  one  of 
the  best  of  modem  processes.  The  author  is  indebted  to  Mr. 
Archbutt  for  a  communication  on  the  subject. 

Figs.  49  and  50  show  arrangements  for  the  treatment  of 
5,000  to  lOyOoo  gallons  of  water  per  hour.  The  reservoir  for 
softening  the  hard  water  is  a  cast  iron  tank  32  ft.  by  16  ft. 
and  10  ft.  high,  divided  into  two  equal  parts  which  are  used 
alternately,  thus  ensuring  a  continuous  supply  of  softened 
water.  The  hard  water  is  run  into  either  tank  through  the 
pipe  (i),  which  is  attached  to  the  main,  until  it  is  on  a  level 
with  the  top  of  the  well  (4). 

In  this  process  the  chemicals  used  are  lime  and  soda  ash, 
which  soften  water  of  temporary  and  permanent  hardness : 
definite  quantities  of  these  chemicals  together  with  in  some 
cases  a  small  quantity  of  sulphate  of  aluminium  (about  i^  ozs. 
per  1,000  gallons)  are  dissolved  in  hot  water  in  the  small  tank 
(2).  The  liquor  is  then  run  into  the  well,  the  trajector  (3)  at 
the  same  time  being  put  into  action  by  opening  the  steam 
valve,   thus    causing  a  rapid  current   of  water  producing  a 
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thorough  mixing  of  the  hard  water  and  chemicals.  After  the 
mixture  has  stood  for  a  short  time  a  little  of  the  softened  water 
is  taken  out  and  a  few  drops  of  nitrate  of  silver  added,  to  test 
for  free  lime ;  any  excess  of  lime  will  cause  a  brown  discolora- 
tion, while  if  the  proper  quantity  of  lime  has  been  added  a  light 
straw-colour  is  produced.  It  has  been  found  that  if  the  mud 
produced  on  softening  a  water  is  stirred  up  with  the  water 
rapid  subsidence  afterwards  takes  place,  due  no  doubt  to  the 
adhesion  of  the  more  finely  divided  precipitate  to  the  coarser 
particles  present.  In  order  to  bring  about  this  end  steam  is 
admitted  to  the  blower  (5),  which  carries  down  air  with  it,  and 
which  is  forced  out  of  the  perforated  tubes  fixed  at  the  bottom 
of  the  tank ;  the  currents  of  air  as  they  rise  in  the  tank  Qiuse  a 
quantity  of  the  sludge  to  diffuse  through  the  liquid ;  after  the 
steam  has  been  on  for  about  a  quarter  of  an  hour,  the  sediment 
is  allowed  to  subside  for  about  half  an  hour,  when  it  will 
be  found  that  about  6  feet  of  the  water  from  the  top  will  be  so 
clear  as  to  contain  not  more  than  about  i  grain  per  gallon  of 
suspended  matter.  When  there  is  much  magnesia  salt  present 
in  the  water  there  would  appear  to  be  formed  in  the  softened 
a  small  quantity  of  hydrate  of  magnesia,  which  though  trifling 
in  amount  causes  much  trouble  in  being  deposited  in  hot 
injectors,  feed  pipes,  and  clack  boxes.  The  cause  of  the  pre- 
sence of  hydrate  of  magnesia  is  due  to  the  action  of  the  lime 
water  and  carbonic  acid  upon  any  carbonate  of  magnesia, 
thus  : — 

Mg  COs  -}-  COa  -}-  2  Ca(OH)2  =  2  CaCOs  +  Mg(OH)i  +  HaO. 

To  remedy  the  deposition  it  has  been  found  that  if  the  softened 
water  is  treated  with  carbonic  acid  no  precipitation  takes  place 
on  heating.  Consequently  there  is  an  arrangement  made  for 
the  absorption  of  COj  by  the  softened  water,  which  is  pro- 
duced by  the  combustion  of  coke  in  the  coke  store  (7) ;  the  gas 
produced  is  continually  forced  by  means  of  the  blower  (8) 
along  the  horizontal  limb  of  the  gas-pipe  down  the  vertical 
limb  to  the  four-way  junction,  where  there  is  an  outlet  for  the 
condensed  water  into  the  small  tank   (12);  the  gas  passes 
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thence  up  the  sloping  limb  through  the  side  of  the  softening 
tank  to  a  small  swivel  which  works  concentrically  with  the 
large  swivel  of  the  discharge-pipe ;  from  the  swivel  the  gas 
rises  through  a  small  pipe  fixed  to  the  discharge-pipe  and 
finally  enters  the  nozzle  of  the  latter  through  the  gas-inlet  (15) 
shown  in  the  enlarged  section  of  the  nozzle  (14).  On  leaving 
the  end  of  the  inlet-pipe  the  gas  is  caught  by  the  current  of 
water  flowing  down  the  discharge,  which  is  repeatedly  splashed 
upwards  by  the  ribs  fixed  at  intervals  along  the  bottom  of  the 
pipe,  and  in  this  way  a  thorough  mingling  of  the  gas  and  water 
is  effected.  The  gas  and  water  pass  together  through  the  ball- 
tap  fixed  over  the  small  supply  tank  (12),  into  which  the 
softened  and  carbonated  water  falls,  and  from  which  it  is  drawn 
ofif  for  use,  whilst  the  residual  nitrogen,  &c.,  of  the  gas  escapes 
into  the  air.  If  the  small  tank  should  fill  up  and  cause  the 
ball-tap  to  close  the  outlet  of  the  discharge-pipe,  the  gas  then 
accumulates  in  the  pipe  until  the  water  in  the  nozzle  is  de- 
pressed below  the  orifice  of  the  gas-escape  (16),  up  which  the 
gas  passes  into  the  atmosphere  without  bubbling  through  and 
disturbing  the  water  in  the  softening  tank. 

When  the  water  in  the  softening  tank  is  getting  low,  the  dis- 
charge nozzle,  before  it  can  approach  too  near  the  mud  at  the 
bottom  of  the  tank,  engages  and  tilts  the  baffle  plate  pivotted 
on  the  rest  (10).  This  keeps  the  pipe  from  falling  any  lower, 
and  also  prevents  the  mud  from  being  disturbed  and  drawn 
into  the  pipe.  A  strip  of  angle-iron  fixed  on  the  side  of  the 
tank  two  feet  firom  the  bottom  indicates  the  level  dowii  to 
which  the  water  is  drawn  off.  When  the  mud  has  attained  a 
thickness  of  about  12  inches  it  is  stirred  up  and  run  out  of 
the  tank  through  the  mud  doors  (13).  About  an  inch  of  mud 
is  left  in  the  tank  to  carry  on  the  clarifying  process. 

If  a  hard  water  contains  calcium  carbonate  with  but  trifling 
amounts  of  other  salts  there  would  be  no  necessity  to  use 
carbonate  of  soda  (58  per  cent,  soda  ash),  the  cost  of  which  is 
about  seven  times  as  much  as  lime. 

When,  however,  sulphate  of  lime,  and  also  magnesium  salts 
arc  present,  both  lime  and  soda  ash  are  required. 
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The  following  are  reactions  which  take  place  when  hard 
waters  containing  the  carbonates  and  sulphates  of  lime  and 
magnesia  are  treated  with  lime  and  soda  ash  : — 

(1)  CaCOs.COa  +  Ca(OH)i  =  2  CaCOj  +  H2O. 

(2)  MgCOj  +  CO»  +  2  Ca(OHa)  =  2  CaCOj  +  Mg(OH)a  +  H»0. 

(3)  CaSOi  +  NaaCOs  =  CaCOj  +  NaiSO*. 

(4)  MgSOi  +  Ca(OH)3  +  NaaCO»  =  CaCOs  +  Mg(OH)a  +  Na2SO^ 

With  regard  to  the  cost  of  softening  waters,  the  harder  the 
water  the  more  chemicals  will  be  required  for  softening,  and 
therefore  the  greater  will  be  the  cost.  Dr.  Frankland  states 
that  to  soften  700  gallons  of  water  with  lime  only  it  is  necessary 
to  add  I  oz.  of  quicklime  for  each  part  of  temporary  hardness 
in  100,000  parts  of  water. 

The  following  is  an  example  of  the  manner  in  which  the 
amount  of  lime  required  is  calculated,  together  with  its  cost,  to 
remove  the  temporary  hardness  from  1,000  gallons  of  water : — 

A  sample  of  water  had  14*7  degrees  of  temporary  hardness. 
70,000  :  100.000  :  :  14*7  :  ^  =  31  parts  hardness  per  100,000 
parts.     31  ozs.  of  lime  is  therefore  required  for  700  gallons,  and 

1,000  X  ^^  =  30  ozs.  =  I '88  lbs.  for  1,000  gallons. 
700 

Lime  costs,  say,  £1  =  240  pence  per  ton  of  2,340  lbs.,  then 

1*88  X  340  „ 
— — -t—  =  0-20I  pence  per  i, 000  gallons. 

3,340 

The  following  are  analyses  of  eight  samples  of  water, 
together  with  the  cost  of  chemicals  needed  to  reduce  the  hard- 
ness in  each  case  to  about  3^  degrees  by  the  Archbutt  and 
Deeley  process :— 
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WATER. 


Grains  per  gal! on. 

Calcium  carbonate 
Magnesium  Carbonate 
Calcium  sulphate 
Magnesium  sulphate  . 
Sodium  sulphate . 
Magnesium  nitrate 
Sodium  nitrate    . 
Magnesium  chloride   . 
Sodium  chloride . 
Silica,  &c.    . 

Total  solid  matter 

I 

2 

3 

4 

1 
5      .     6 

7 

8 

8*74 
278 
3*26 

1*44 

2*72 
043 

1315 
033 

1*96 
0*30 

0*96 

2*06 
0*39 

i6*39 
0*31 
430 
x'28 

traces 

3*05 
0*42 

10*99 
2*76 
299 

12*41 

18*96 

5-28 
0*31 

2*06 
o*94 
47*34 
5*70 
9*98 

^"^ 
6*77 

0*62 

9*41 

1*00 

22*91 
15-90 

11*50 

2*o8 

505 
0*90 

8-34 

282 

40'6i 

22*25 

2*65 

6*35 
0*84 

1*39 
1*78 

5414 
22*46 

2896 

• 

5*28 
0*36 

I9'43 

I9'I5 

2575 

53*70 

7341 

68*75 

8386 

"4*37 

Total  lime  (CaO) 
Total  magnesia  (MgO) 
Total  hardness  (=  Cat- 
cium  carbonate  equiv- 
alent to  total  lime  and 
magnesia)  . 

6*24 
1    1*33 

•   M-5 

7*36 
0*81 

I5'i6 

io*95 
0*58 

20*99 

7*39 
5*48 

26*77 

20*64 

2*36 
427 

14-70 
9*82 

5057 

21*39 
8-8i 

6002 

23*07 
838 

61-95 

Cost  of  chemicals  re-  x 
quired  for  softening  ) 
1,000  gallons  to  about  f 
3^  degrees  lime  com- )    Id. 
puted  at  £1  per  ton  i 
and  58%  soda  ash  at  ' 
£6  17s.  6d.  per  ton'^ 

id. 

Id. 

2d. 

Aid. 

5d. 

6d. 

7d. 

The  following  analysis  shows  the  connposition  of  the  water 
used  by  the  Midland  Railway  at  Derby  before  and  after  treat- 
roent  by  the  Archbutt  and  Deeley  process: — 


DRINKING  WATER, 
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Befo&b  Tkkatm bnt. 


Grrains  per  gallon. 

Calcium  carbcnate  • 

9*74  \     containing 
5-64  /  7*78  grains  lime. 

Calcium  sulphate 

Magnesium  carbonate 

2 '45  I      containing 

I '35  )  1*62  grains  magnesia* 

Magnesium  sulpliate 

Soiiium  sulphate 

341 

Sodium  chloride 

2-8i 

Silica 

0-34 

Total  solids 

2574 

Calculated  hardness  .      17*9° 


After  Treatment. 


Calcium  caibonate  . 
Magnesium  carbonate 
Sodium  sulphate 
Sodium  carbonate 
Sodium  chloride 
Silica 

Total  solids 


Calculated  Hardness . 


2*25  containing  1*26  grains  lime. 
2*18  containing  i*0|     „     magnesia. 

1 1  33 

085 

3-38 
048 

20'47 

7F 


II.    WATER  FOR  DRINKING  PURPOSES. 


In  judging  of  the  suitability  of  a  water  for  general  domestic 
use,  the  following  data  will  usually  be  found  sufficient  to  form 
an  opinion  as  to  its  quality: — Total  Solids;  Chlorine;  Free 
and  Albuminoid  Ammonia;  Nitrites  and  Nitrates;  Hardness; 
Poisonous  Metals ;  Colour  before  and  after  Filtration ;  Sus- 
pended matter ;  and  The  Odour  of  the  Water  when  warmed.  In 
some  cases,  such  as  the  question  of  a  town  supply,  a  complete 
mineral  and  biological  analysis  should  be  made  in  addition. 
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The  Total  Solids. — These  may  be  determined  as  directed 
on  page  198.  They  should  be  gently  ignited;  and  an  observa- 
tion of  the  odour  given  off  will  serve  to  show  whether  any 
organic  matter  present  is  of  animal  or  vegetable  origin.  With 
regard  to  the  amount  of  total  solid  matter  present,  which  may 
allow  the  water  to  be  pronounced  fit  for  drinking,  Dr.  Wanklyn 
states  that  if  it  does  not  exceed  30  or  40  grains  per  gallon  there 
would  be  no  reason  for  rejecting  it  on  that  score. 

The  Chlqnne. — The  chlorine  is  to  be  determined  as 
directed  on  page  201.  The  amount  of  chlorine  present  in  a 
sample  of  water  proposed  to  be  used  for  drinking  forms  an 
important  datum,  since  it  is,  within  certain  limits,  an  indica- 
tion of  sewage  contamination,  animal  secretions  being  highly 
charged  with  salts  in  which  chlorine  is  a  heavy  constituent, 
whereas  natural  waters  usually  contain  but  very  small  propor- 
tions of  chlorine,  often  only  one  grain  in  the  gallon.  Although 
a  water  may  contain  a  comparatively  high  proportion  of 
chlorine,  it  does  not  always  follow  that  it  is  charged  with 
sewage  since  the  geological  strata  through  which  the  water 
passes  may  afford  it  an  unusually  high  amount  of  chlorine. 
A  water  containing  little  or  no  chlorine  is  sure  not  to  con- 
tain any  sewage,  but  at  the  same  time  it  may  be  charged 
with  objectionable  decomposing  vegetable  organic  matter,  so 
that  the  amount  of  chlorine  present,  as  seemingly  indicating 
presence  or  absence  of  organic  matter,  nmst  be  taken  with 
some  reservation.  The  amount  of  chlorine  in  sewage  is  from 
9  to  12  grains  per  gallon. 

Free  and  Albuminoid  Ammonia. — The  estimation  of 
these  bodies,  known  as  Wanklyn's  ammonia  process,  affords  valu- 
able criteria  as  to  the  purity  of  a  water,  organically  considered. 
The  "  free  "  ammonia  is  that  which  can  be  removed  by  simple 
distillation  of  the  water,  while  the  "albuminoid**  ammonia 
does  not  pre-exist  as  ammonia  in  waters,  but  is  produced  by 
the  conversion  of  the  nitrogen,  contained  in  albuminous  or 
nitrogenized  organic  matter  present,  by  the  action  of  a  solution 
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of  potassium  permanganate,  made  strongly  alkaline  with  potas- 
€ic  hydrate.  The  whole  of  the  nitrogen  is  not  liberated  from 
albuminoid  substances  as  ammonia  by  this  means,  but  the 
amount  given  off  is  a  fraction  of  the  total,  being  thus  pro- 
portional to  the  quantity  of  nitrogenous  or  albuminoid  sub- 
stances present. 

The  ammonia  process  requires  the  following  standard 
solutions,  &c. : — 

Dilute  Standard  Solution  of  Ammonia, — Two  solutions  are 
generally  kept :  a  strong  solution  which  contains  i  milligram 
of  ammonia  in  each  cubic  centimetre,  and  a  weak  solution  pre- 
pared by  diluting  i  volume  of  the  former  to  loo  volumes,  which 
will  thus  contain  *oi  of  a  milligram  of  ammonia  in  each  cubic 
centimetre.  The  strong  solution  is  prepared  by  dissolving  3*15 
grms.  of  pure  dry  ammonic  chloride  in  water,  diluting  to  1,000 
cc.  at  15°  C,  and  well  mixing;  and  to  prepare  the  weak  solu- 
tion 10  cc.  of  the  solution  thus  prepared  are  run  from  a  burette 
into  a  graduated  litre  flask,  and  diluted  to  1,000  cc.  at  15^  C. 

Alkaline  Fotassic  Permanganate  Solution, — Weigh  out  8 
grms.  of  potassic  permanganate  and  200  grms.  of  stick  potassic 
hydrate,  into  a  i^  litre  basin,  add  1,000  cc.  of  distilled  water 
free  from  ammonia,  and  stir  until  all  is  gone  into  solution;  the 
solution  is  now  boiled,  until  about  one  quarter  of  the  liquid  has 
boiled  off,  diluted  to  original  bulk,  again  boiled  down  as  before, 
and  finally  diluted  to  1,000  cc.  and  bottled.  It  is  necessary  to 
give  the  solution  a  thorough  boiling  in  order  to  drive  off  any 
ammonia  that  may  be  present.  Mere  evaporation  below  the 
boiling  point  does  not  appear  to  be  very  effective  in  removing 
any  traces  of  NHs  present.  50  cc.  of  this  solution  are  required 
lor  each  analysis,  and  the  amount  of  ammonia  still  left  in  this 
quantity  must  be  determined  by  the  method  herein  described, 
using  water  free  from  ammonia  in  the  distillation.  If  any  appre- 
ciable quantity  of  ammonia  be  thus  found,  it  must  be  deducted 
from  the  amount  obtained  for  albuminoid  ammonia  in  each 
analysis. 

The  Nessler  Reagent. — This  extremely  delicate  test  for 
ammonia  is   prepared  as  follows ; — Weigh  out  35   grms.   of 
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potassic  iodide  and  13  grms.  of  mercuric  chloride  {cofrosive 
sublimate)  in  a  x^  litre  beaker,  dissolve  in  about  800  cc. 
of  hot  distilled  water,  and  allow  to  cool ;  a  saturated  solution 
of  mercuric  chloride  is  now  cautiously  added  until  a  slight  but 
permanent  precipitate  of  red  periodide  of  mercury  is  produced, 
the  solution  being,  of  course,  well  stirred  during  the  addition. 
160  grms.  of  potassic  hydrate  or  120  grms.  of  sodic  hydrate  are 
now  added  to  the  liquid  and  stirred  until  it  all  goes  into  solu- 
tion, which  is  finally  to  be  diluted  to  1,000  cc.  The  solution  is 
now  to  be  rendered  sensitive  by  adding  at  first  2  cc.  of  saturated 
mercuric  chloride  solution,  well  shaken,  and  the  precipitate 
allowed  to  settle.  On  adding  2  cc.  of  Nessler  reagent  to 
50  cc.  of  water  containing  0*5  cc.  of  the  dilute  ammonia 
solution,  an  immediate  yellowish-brown  colour  should  be  pro- 
duced, owing  to  the  formation  of  dimercur-ammonium  iodide 
NHg2lOH2.  If  this  is  not  the  case  the  solution  is  not  suffi- 
ciently sensitive,  and  more  mercuric  chloride  solution  must  be 
added  until  the  desired  delicacy  is  produced. 

Distilled  Water  free  from  Ammonia. — It  is  very  obvious  that, 
in  testing  for  such  minute  quantities  of  ammonia,  the  water 
used  for  diluting,  &c.,  should  be  free  from  all  traces  of  ammonia, 
or  must  not  contain  more  than  '005  milligram  in  100  cc.  The 
writer  prepares  distilled  water  free  from  ammonia,  by  distilling 
good  river  water.  The  first  10  per  cent,  of  distillate  is  rejected ; 
the  next  30  per  cent,  put  into  the  ordinary  stock  bottle,  the  next 
20  per  cent,  is  bottled  separately,  and  will  be  found  tolerably 
free  from  ammonia.  The  rest  of  the  distillate,  which  contains 
traces  of  ammonia,  is  put  with  the  ordinary  stock. 

It  is  needless  to  remark  that  all  apparatus  must  be  scrupu- 
lously clean  for  this  process,  and  that  all  bottles  or  any  other 
vessel  containing  solutions  from  which  ammonia  is  liable  to  be 
given  off  must  be  kept  out  of  the  room  for  the  time  the  analysis 
is  on,  or  locked  in  a  cupboard  some  distance  away,  or  placed 
in  a  good  stink  closet,  provided  with  a  good  draught. 

Estimation  of  Free  Ammonia*  —  A  stoppered  litre 
glass  retort  is  selected,  and  about  10  cc.  of  strong  sulphuric 
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acid  poured  into  it,  which  is  allowed  to  moisten  the  whole 
of  the  interior  of  the  retort,  after  which  it  is  washed 
out  with  plenty  of  tap  water  until  the  washings  no  longer 
redden  blue  litmus  paper.  It  is  next  fixed  to  a  Liebig's 
condenser  by  means  of  a  piece  of  stout  india-rubber  tubing, 

E 

that  has  been  previously  boiled  for  some  time  in  a  -  solution 

of  sodic  hydrate,  in  order  to  free  it  from  any  traces  of  ammonia. 
About  half  a  dozen  pieces  of  recently-ignited  pumice  stone 
each  about  the  size  of  a  pea  are  now  introduced  into  the  re- 
tort, which  serve  to  prevent  "  bumping,"  and  500  cc.  of  water 
free  from  ammonia  poured  in.  Any  water  present  in  the  con- 
denser is  allowed  to  run  off,  so  as  to  allow  steam  to  pass 
through  to  clear  out  all  traces  of  ammonia.  A  Bunsen  burner  is 
lit  under  the  retort  and  the  water  made  to  boil ;  steam  will  soon 
find  its  way  through  the  condenser,  and  after  it  has  been  steam- 
ing for  about  half  an  hour,  the  cold  water  is  turned  on  to  the 
condenser  and  a  Nessler  cylinder  (these  are  colourless  glass 
cylinders  usually  6  ins.  high  and  i^  ins.  in  diameter,  and 
marked  at  50  cc.)  is  now  put  under  the  delivery  tube.  When 
50  cc.  have  come  over,  add  to  it  2  cc.  of  the  Nessler  solu- 
tion and  mix  by  pouring  backwards  and  forwards  into  an 
empty  Nessler  glass.  On  placing  on  a  sheet  of  white  paper 
there  should  be  no  yellow  coloration  produced;  if  there 
should  be,  continue  the  distillation  with  pure  water  until  the 
apparatus  is  free  from  traces  of  ammonia. 

If  the  sample  of  water  under  examination  contain  much  in  the 
way  of  suspended  matter^  it  will  be  wise  to  filter  it  before  subject- 
ing it  to  the  ammonia  process,  through  a  filter  that  has  been 
previously  washed  with  the  pure  distilled  water  till  free  from 
ammonia.  Any  residual  water  having  been  syphoned  out  of  the 
retort,  500  cc.  of  the  clear  sample  are  introduced,  and  a  clean 
empty  Nessler  glass  placed  under  the  delivery  tube  of  the  con- 
denser. Distillation  is  now  proceeded  with,  and  when  50  cc.  of 
distillate  have  been  collected  in  the  Nessler  glass,  it  is  removed 
and  an  empty  one  put  in  its  place.  It  now  becomes  neces- 
sary to  ascertain  how  much  free  ammonia  is  present  in  the 
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first  50  cc.  of  distillate :  for  this  purpose  run  in  2  cc.  of  the 
Nessler  solution  from  a  pipette,  well  mix  and  place  on  a  sheet 
of  white  paper.  Observe  the  intensity  of  colour  produced.  If  it 
is  of  a  faint  yellow  tint  there  is  not  much  in  the  way  of  "  free  " 
ammonia  present,  but  if  it  appears  of  a  rich  reddish  brown 
colour  a  &iir  quantity  is  present,  and  sometimes  when  waters 
are  highly  contaminated  with  sewage,  there  is  so  much  ammonia 
present  as  to  occasion  a  brownish  precipitate.  In  all  such  cases 
it  is  better  to  take  a  fraction  of  the  500  cc.  for  distillation, 
diluting  to  500  cc.  with  the  pure  distilled  water,  previous  to 
distillation.  A  burette  graduated  in  01  of  a  cc.  is  filled  with 
the  dilute  standard  ammonia  solution,  and  a  definite  volume  of 
it,  say  3  cc,  run  into  a  clean  Nessler  glass ;  this  is  diluted  with 
the  pure  distilled  water  to  50  cc,  2  cc.  of  Nessler  solution 
added  and  well  stirred ;  it  is  now  placed  beside  the  50  cc.  of 
distillate,  and  the  colours  compared  by  looking  down  through 
the  liquids.  If  the  solutions  are  not  of  equal  depth  of  colour 
a  fresh  standard  must  be  made,  using  more  or  less,  as  the  case 
may  demand,  of  the  dilute  ammonia  solution,  and  Nesslerizing 
as  before  until  a  certain  quantity  used  produces  exactly  the  same 
colour  as  the  sample.  The  "  free  "  ammonia  is  estimated  in 
the  first  50  cc  of  distillate  only,  i  of  the  quantity  thus  found 
being  added  on ;  this  being  the  quantity  that  is  invariably  pre- 
sent in  the  next  150  cc.  that  are  distilled  over,  before  the  intro- 
duction of  the  potash  and  permanganate  solution  for  the  deter- 
mination of  the  albuminoid  ammonia.  Supposing  that  2*5  cc 
of  the  dilute  standard  ammonia  solution  were  required  for  the 
first  50  cc.  of  distillate,  that  is,  2*5  x  'oi  =  -025  milligram  of 
ammonia,  then  the  amount  of  free  ammonia  present  in  500  cc 

ofsamplewillbe-  —  +  -025  =  '0333  milligram,  or  '0333  x  2 

=:  '0666  parts  per  million,  or  '0666  x  '07  =  -00466  grain  per 
gallon. 

The  Albuminoid  Ammonia. — After  the  200  cc.  have  been 
distilled  over  and  the  free  ammonia  estimated  as  described, 
50  cc.  of  the  potash  and  permanganate  solution  are  introduced 
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into  the  retort,  and  the  distillation  proceeded  with  as  before, 
Nesslerizing  each  50  cc  that  comes  over,  three  of  which  are 
usually  sufficient 

The  following  is  an  example  of  the  determination  of  the  free 
and  albuminoid  ammonia  in  a  sample  of  water  contaminated 
with  a  little  sewage : — 

Free  Ammonia. 

500  cc  taken. 

I  cc.  of  standard  dilate  AmCl  :^  *oi  milligram  of  NHs. 
1st  53  cc.  distillation  required  6*3  cc.  ^  -063  milligram  N*  Hs. 

Correction  J  ^ -02 1        „  „ 


or 


Total    .     •0S4 
•084  X  2  ^  0*168  part  per  million, 
•168  X  '07  ^  -01176  grain  per  gallon. 

Albuminoid  Amxcgnia. 

1st  50  cc.  required  5*0  cc.  =  -050  milligram  NITa. 
2nd      ,,  „        r8  cc.  =  "0i8        „  „ 


3rd       „  „        0*8  cc.  =:  '008 

Total     -076 
Subtracting  NH3  found  in  potash  solution    *co5 

•071 


»  tt 

ft  tt 


*07[  X  2  =  0*142  part  per  million, 
or, 

0-142  X  '07  ^  '00994  grain  per  gallon. 


Remarks. — When  the  tree  ammonia  in  waters  exceeds 
*o8  part  per  million,  it  is  often  due  to  the  fermentation  of  urea, 
into  carbonate  of  ammonia,  owing  to  the  presence  of  urine,  &c., 
in  the  water — the  chlorine  being  likewise  high  ;  but  there  are 
waters  which  give  a  comparatively  high  proportion  of  free 
ammonia,  with  little  albuminoid  ammonia,  and  low  chlorine. 
In  such  cases  the  free  ammonia  may  be  safely  considered  of 
saline  or  mineral  origin  rather  than  from  a  decomposition  of 
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organic  pollution.  When  the  albuminoid  ammonia  is  high,  and 
the  free  ammonia  and  chlorine  low,  it  is  diagnostic  of  the  pre- 
sence of  organic  matter  of  vegetable  origin.  In  such  cases  the 
odour  given  off  when  the  total  solid  residue  is  gently  ignited, 
will  be  of  a  peaty  or  some  such  characteristic  vegetable  odour. 
With  regard  to  the  amount  of  **free"  and  "albuminoid"  am- 
monia present,  that  admits  of  a  water  being  passed  or 
condemned  for  drinking  purposes,  Professor  Wanklyn  states — 
"If  a  water  yield  coo  part  of  albuminoid  ammonia  per 
million,  it  may  be  passed  as  organically  pure  despite  of  much 
free  ammonia  and  chlorides ;  and  if  indeed  the  albuminoid 
ammonia  amount  to  *02  or  to  less  than  0*05  parts  per  million, 
the  water  belongs  to  the  class  of  very  pure  water.  When  the 
albuminoid  ammonia  amounts  to  '05,  then  the  proportion  of 
free  ammonia  becomes  an  element  in  the  calculation,  and  I 
should  be  inclined  to  regard  with  some  suspicion  a  water  yield- 
ing a  considerable  quantity  of  free  ammonia  .*iong  wu!T  more 
than  005  part  of  albuminoid  ammonia  per  million.  Free 
ammonia,  however,  being  absent,  or  very  small,  a  water  should 
not  be  condemned  unless  the  albuminoid  ammonia  reaches 
something  like  o'lo  part  per  million.  Albuminoid  ammonia 
above  o'lo  per  million  begins  to  be  a  very  suspicious  sign  ; 
and  over  0*15  ought  to  condemn  a  water  absolutely.  The 
absence  of  chlorine  or  the  absence  of  more  than  i  grain  of 
chlorine  per  gallon,  is  a  sign  that  the  organic  impurity  is  of 
vegetable  rather  than  of  animal  origin;  but  it  would  be  a  great 
mistake  to  allow  water  highly  contaminated  with  vegetable 
matter  to  be  taken  for  domestic  use." 

The  Nitrates. — The  nitrogen  present  as  nitrates  and 
nitrites  is  to  be  determined  as  directed  on  page  206.  Nitrates 
may  be  present  in  waters  owing  to  the  solvent  action  of  the 
water  on  the  nitrates  present  in  the  geological  strata  through 
which  the  water  passes,  or  to  the  decomposition  of  nitrogenous 
organic  matter  present,  with  the  production  of  nitric  and 
nitrous  acid,  which  in  turn  act  upon  the  carbonates  with  the 
formation  of  nitrates  and  nitrites.     Dr.  Frankland  lays  much 


DETECTION  OF  NITRITES.  235 

importance  on  the  presence  of  nitrates  in  waters  as  indi- 
cating past  pollution,  and  although  the  organic  matter  is  thus 
destroyed,  it  may  still  contain  living  animalculaB  capable  of 
propagating  disease;  on  the  other  hand,  Dr.  Wanklyn  states 
that  *' presence  or  abundance  of  nitrates  does  not  show 
defilement  by  means  of  sewage,  and  deficiency  of  nitrates 
does  not  show  absence  of  defilement."  Whether  or  not  the 
presence  of  nitrates  is  a  measure  of  past  or  present  organic  pol- 
lution of  a  water  is  immaterial,  since  we  have  other  means  of 
determining  its  actual  presence ;  and,  moreover,  knowing  the 
filth  that  enters  such  rivers  as  the  Thames  every  day  previous 
to  its  distribution  by  the  water  companies  for  consumption, 
and  that  such  waters  are  pronounced  as  being  wholesome,  it 
seems  to  be  of  secondary  consideration  what  the  condition  of 
a  water  luas  so  long  as  it  comes  up  to  the  ideal  of  organic 
purity  as  it  is. 

The  Nitrites. — A  qualitative  test  for  the  presence  of  nitrites 
may  be  of  interest  in  ascertaining  whether  any  nitrogenous 
organic  matter  present  is  still  decomposing,  &c.  '  The  presence 
of  nitrites  may  be  quickly  determined  by  the  following  method  : 
100  cc.  of  the  water  are  taken,  acidulated  with  i  cc.  of  5  £ 
H2SO4,  5  cc.  of  starch  and  potassic  iodide  solution  (i  grm. 
of  starch  and  0*2  grm.  of  iodide  in  100  cc.)  added,  and  well 
stirred.  If  any  considerable  quantity  of  nitrites  be  present,  a 
blue  colour  of  iodide  of  starch  will  be  at  once  produced,  but  if 
present  only  in  minute  quantity,  the  colour  will  not  be  pro- 
duced until  after  standing  for  some  time. 

The  Hardness. — The  hardness  may  be  determined  as 
directed  on  page  200.  It  is  always  desirable  to  obtain  soft 
water  for  laundry  and  toilet  use,  since  it  is  more  efficient  and 
economic  to  use  as  a  detergent  than  hard  water,  which  would 
require  artificial  means  for  softening,  such  as  boiling,  or  the 
use  of  excess  of  soap  or  soda.  Where  the  supply  of  water  is 
excessively  hard,  rain  water,  if  it  can  be  procured,  would  be 
far  superior  for  such  purposes.  As  a  general  rule,  the  hardness 
of  a  water  increases  with  the  total  solids.   It  is  said  that  persons 
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who  are  predisposed  to  such  diseases  as  calculus  and  bronchoceh 
are  liable  to  propagate  it  if  they  habitually  drink  very  hard 
water. 

Poisonous  Metals. — A  drinking  water  should  always  be 
tested  for  lead.  The  presence  of  this  metal  is  due  to  the  solvent 
action  of  soft  or  faintly  acid  waters  upon  lead  piping,  which  is 
often  used  to  convey  the  water ;  and  a  test  should  likewise  be 
made  for  copper  and  iron.  A  useful  qualitative  test  for  copper, 
lead,  and  iron  collectively  is  as  follows  : — Pour  100  cc.  of  the 
water  into  a  porcelain  basin,  add  a  drop  of  5  £  ammonium 
sulphide,  and  stir.  If  any  copper,  lead,  and  iron  be  present, 
a  more  or  less  dark  colour  will  be  produced,  owing  to  the 
formation  of  the  sulphides  of  the  metals.  If  the  colour  pro- 
duced is  due  to  iron  only,  a  drop  of  5  E  HCl  will  remove  it, 
but  will  unaffect  any  sulphide  of  lead  or  copper  present. 

If  lead  is  detected  by  this  means  it  should  be  determined  by 
Dr.  Miller's  colorimetric  method,  as  follows: — A  standard  solu- 
tion of  crystallized  lead  acetate  is  first  prepared  by  dissolving 
o'i83i  grm.  of  the  salt  in  a  litre  of  distilled  water,  each  cubic 
centimetre  of  such  solution  containing  'oooi  grm.  of  metallic 
lead;  70  cc.  of  the  sample  are  poured  into  a  white  porcelain 
dish,  two  drops  of  17  £  acetic  acid,  and  5  cc.  of  a  saturated 
solution  of  sulphuretted  solution  added,  and  stirred. 

It  now  becomes  necessary  to  imitate  the  test  thus  produced 
by  a  known  volume  of  the  standard  lead  solution ;  for  this  pur- 
pose pour  about  65  cc.  of  distilled  water  into  a  similar  porce- 
lain dish,  add  5  cc.  of  sulphuretted  hydrogen  water,  stir,  fill  a 
burette  with  the  standard  lead  solution,  and  allow  it  to  run 
gradually  into  the  distilled  water,  until  the  tests  in  both  dishes 
are  alike.  Elach  cubic  centimetre  of  lead  solution  required 
will  represent  iV  of  a  grain  of  lead  present  in  a  gallon  of  water. 
Owing  to  the  poisonous  nature  of  water  containing  small 
quantities  of  lead,  all  waters  containing  tV  of  a  grain  or  up- 
wards of  the  metal  per  gallon  should  be  rejected  for  drinking 
purposes. 

Copper, — ^This  metal  may  be  estimated  in  a  manner  similar  to 
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the  above,  the  solution  for  comparison  being  prepared  by  dis- 
solving 0*3929  grm.  of  crystallized  sulphate  of  copper  in  a  litre 
of  water,  each  cc.  containing  -oooi  grm.  Cu. 

Arsenic,  Barium,  Zinc,  afid  Manganese,  &*c,  sometimes  find 
their  way  into  waters,  especially  in  those  mining  and  chemical 
works  districts  where  the  metals  are  obtained  and  worked. 

The  Colour  of  Waters. — Good  drinking  water  should  be 
free  from  colour.  The  colour  of  a  sample  of  water  can  be  best 
judged,  by  filling  a  colourless  glass  cylinder  about  two  feet  high 
with  the  sample  and  looking  down  through  the  liquid  on  to  a 
sheet  of  white  paper,  making  a  comparison  with  distilled  water 
contained  in  a  similar  cylinder. 

The  Suspended  Matter. — The  suspended  matter  if  present 
in  appreciable  quantity,  may  be  estimated  as  described  on 
page  1 98,  and  it  would  be  interesting  to  make,  if  possible,  a 
microscopical  search  for  any  low  forms  of  animal  or  vegetable 
life  that  it  may  contain. 

Classification  of  Drinking  Waters. — Dr.  Frankland 
makes  the  following  classification  of  waters  for  domestic  pur- 
poses:— 

il.  Spring  water      ") 
2.  Deep  well  water)   ^^'y  Palatable. 
3.  Upland  surface  water)  ,        ,      , , 

Sus  idous    P-  ^^°"^  ^^  ^^^"       ^  Moderately  palatable. 

"  (5.  Surface  water  from  cultivated  land  % 

Daneerous   /  ^'  ^^^^^  water  to  which  sewage  gains  access    \  Palatable. 
I  7.  Shallow  well  water  ; 

The  following  is  a  classification  of  waters  according  to  their 

softness : — 

1.  Rain  water. 

2.  Upland  surface  water. 

3.  Surface  water  from  cultivated  land. 

4.  Polluted  river  water. 

5.  Spring  water. 

6.  Deep  well  water. 

7.  Shallow  well  water. 


PART  V. 


OILS. 


In  this  section  it  is  proposed  to  deal  with  oils  in  three 
divisions — (i)  Oils  for  Lubricating,  (2)  Illuminating,  (3)  those 
adapted  for  special  purposes.  There  is,  of  course,  no  hard  and 
fast  rule  for  the  legitimate  classification  of  oils  in  this  manner, 
since  some  oils,  such  as  rape,  would  come  under  the  three  divi- 
sions ;  but  it  will  be  found  convenient. 


(i)  Lubricating  Oils. 

A  lubricating  oil  has  for  its  object  the  reduction  of  friction 
and  the  prevention  of  an  undue  development  of  heat.  The 
result  of  friction  is  to  abrade  solids,  heat  being  given  out  both 
in  solids  and  liquids;  the  amount  being  the  exact  measure 
of  the  power  wasted  as  a  consequence  of  the  friction.  The 
amount  of  heat  generated  for  each  772  foot  pounds  of  work 
thus  expended,  is  equivalent  to  the  amount  of  heat  necessary 
to  raise  the  temperature  of  i  lb.  of  water  1°  F.  Lubricants 
may  be  solid,  semi-solid,  or  liquid,  and  the  "body"  or  "vis- 
cosity "  of  them  should  be  proportional  to  the  pressure  which 
will  be  exerted  upon  them.  They  may  be  fatty  (animal  or 
vegetable),  mineral,  or  compound.  Soap  is  a  constituent  of 
railway  grease,  and  graphite  and  steatite  are  sometimes  used 
for  heavy  machinery. 
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The  following  list  shows  the  best  purpose  to  which  the 
various  lubricants  can  be  applied : — 

^  ...  (   Heavy  mineral  oils,  lard,  tallow,  rape  oil. 

For  steam  cylmders  ••Iff.  »     r       > 

^  ,.  ,.  (   Rape  oil,  lard  oil,  tallow  o  1,  and  medium 

Ordmary  machinery  .    ,{         '^.        ,     .,       '  ' 

•^  '  i       mineral  oils. 

For  very  great  rressu  es   )    -,      , .  .  - 

with  slow  speed  .    .    J   ^^P*"'*'  ««'I»t«'«.  &<=• 

^wlthSspe^r"'"   .}   TJlow,  lard,  palm  oa,  grease.  &c. 

For    heavy    pressures     \    Sperm  oil,  rape  oil,  castor  oil,  medium 
and  high  speeds  .     .     .  /       mineral  oib. 

For  light  pressures  and     \    Sperm,  refined  petroleums,   cottonseed, 
high  speed f       rape,  olive,  and  mineral  oils. 

Watches,  docks,  &c.     .  \   ^f\^^«'^  <f .  d"^"!  »P«"».  »eats- 
'  '  t       foot,  ohve  and  porpoise. 

It  may  be  stated,  however,  that  in  all  cases  where  possible, 
a  mineral  oil  of  suitable  "  body  "  should  be  used,  especially  for 
cylinders,  the  high  temperature  of  which  decomposes  fatty  oils, 
with  the  production  of  free  fatty  acids,  which  attack  copper, 
iron,  &c.,  forming  metallic  soaps,  which  cause  much  damage  to 
fittings,  &C. 

In  judging  of  the  suitability  of  a  lubricating  oil,  the  purpose 
for  which  it  is  proposed  to  be  used  being  first  ascertained,  the 
following  points  must  be  determined : — 

(i)  The  "body''  or  viscosity  of  the  sample  at  the  tem- 
perature at  which  it  is  proposed  to  be  used. 

(2)  The  specific  gravity  at  15°  C,  or  in  some  cases  at  the 
temperature  of  boiling  water. 

(3)  The  **  flashing  point,"  or  the  temperature  at  which  the 
vapour  evolved  becomes  ignited  on  the  application  of  a  flame. 

(4)  The  percentage  of  free,  fatty,  or  mineral  acids  present. 

(5)  The  percentage  of  fatty  and  mineral  oils. 

(6)  The  loss  the  oil  suffers  when  exposed  for  about  twelve 
hours  to  the  temperature  at  which  it  is  proposed  to  work. 
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(7)  The  amount,  if  any,  of  mineral  and  organic  suspended 
matters  present. 

(8)  The  temperature  at  which  the  oil  solidifies  or  congeals. 

(9)  A  test  to  ascertain  the  liability  of  the  oil  to  gum. 

(10)  The  extent  of  the  corroding  action  of  the  oil  on  pieces 
of  steel,  brass,  bronze,  &c. 

Determination  of  Viscosity. — The  viscosity  or  body  of 
an  oil,  although  not  an  exact  measure  of  unctuousness  or 
greasiness,  is  one  of  the  most  important  factors  in  judging  of  its 
suitability  for  any  special  class  of  lubrication.  The  viscosity 
should  be  proportional  to  the  pressure  exerted  upon  the  oil — 
that  is  to  say,  an  oil  for  any  specific  purpose  should  not  be  so 
thick  as  to  cause  undue  fluid  friction,  nor  so  thin  that  it  is 
squeezed  out,  leaving  the  bearings,  &c.,  dry. 

The  viscosity  of  an  oil  decreases  considerably  with  an  in- 
crease in  temperature ;  mineral  oils  in  this  respect  decreasing, 
through  a  given  range  of  temperature,  far  more  than  the 
majority  of  fatty  oils.  There  is  no  fixed  ratio  between  the  vis- 
cosities of  oils  at  the  ordinary  temperature,  and  the  viscosities 
at  an  elevated  temperature,  1.^.,  two  different  oils  having 
identical  viscosities  at  15^  C.  would  in  all  probability  have 
different  viscosities  at  a  temperature,  say,  of  100°  C.  The 
specific  gravity  of  an  oil,  although  valuable  as  a  means  in  some 
cases  of  identification,  is  no  criterion  of  the  viscosity.  The 
best  form  of  apparatus  suitable  for  obtaining  viscosities  at 
different  temperatures,  is  that  devised  by  Mr.  Boverton  Red- 
wood, F.R.S.E.,  &c.  Each  apparatus  is  standardized  by  Mr. 
Redwood  himself,  being  so  adjusted  that  50  cc.  of  a  standard 
average  rape  oil  take  535  seconds  to  flow  out  at  a  temperature 
of  15*5°  C,  distilled  water  taking  25*5  seconds  to  flow  out 
under  the  same  conditions.  The  following  is  a  sketch  (Figs.  51 
and  52)  of  the  apparatus*  and  modus  operandi  of  the  process : — 

The  viscosity  tube  a  is  of  electro*plated  copper  3i  inches 

^  The  standardized  apparalus  can  be  obtained  fix>m  Townson  &  Mercer, 
89,  Bishopsgate  Street,  £.C.,  and  James  How  and  Co.,  73,  FarringdoQ 
Street*  E.G. 
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high  and  1 1-inch  internal  diameter.  The  orifice  c  is  of  agate, 
of  definite  bore  and  limited  protuberance,  and  a  plug  of  electro- 
plated copper  suspended  to  a  wire  is  supplied  with  the  appa- 
ratus, in  Older  to  close  it  while  the  oil  is  being  run  in  and 
adjusted.  The  outer  jacket  e  is  made  of  copper,  in  which 
water,  oil,  or  any  other  liquid  can  be  maintained  at  a  definite 
temperature  by  the  application  of  a  flame  to  r.  The  tempera- 
ture is  made  uniform  by  means  of  the  paddles  which  can  be 
revolved  with  the  handle  G. 

In  order  to  obtain  viscosities  at  elevated  temperatures,  e  is 
filled  with  mineral  oil  of  high-boiling  point,  and  heated  with  a 
Bunsen  until  the  desired  temperature  is  attained,  which  is  kept 
constant  by  the  regulation  of  the  flame,  and  the  oil  mixed  by 
means  of  the  paddles.  The  sample  of  oil  to  be  tested  is 
heated  in  an  air  bath  to  the  required  temperature,  and  poured 
into  the  viscosity  tube  a  until  the  surface  of  the  oil  just 
reaches  the  point  of  the  gauge  b.  When  it  is  assured  that  the 
temperatures  registered  by  the  thermometers  t  and  r  are  the 
same,  a  small  narrow-necked  flask  holding  50  cc.  to  a  mark 
made  on  its  neck,  is  placed  under  the  orifice  in  a  vessel  con- 
taining a  liquid  heated  to  the  same  temperature  as  the  oils. 
The  plug  is  then  taken  out  of  c,  and  the  number  of  seconds 
that  50  cc.  of  the  oil  take  to  run  out,  is  noted. 

The  temperature  at  which  the  viscosity  of  an  oil  should  be 
determined,  depends  upon  the  temperature  at  which  it  is  pro- 
posed to  be  used.  With  oils  proposed  to  be  used  for  ordinary 
machinery,  the  viscosities  should  be  determined  at  tempera- 
tures of  15°,  30°,  and  60°  C. ;  while  for  cylinders,  at  tempera- 
tures of  100°,  120°,  and  150°  C. 

The  following  interesting  table  by  Redwood,*  gives  the 
comparative  rates  of  flow  of  various  oils  for  every  rise  of  10°  F., 
by  the  above  standard  apparatus : — 

•  Vtd€  <«  Journal  Soc.  Chcm.  Ind.,"  v.  128. 


REDWOOD'S  VISCOSIMETER. 


243 


*l>ilos-iina§ 
ueissn-^ 

1     1     1     1     |^roroO^•-»nOOro•*  ON30  r>.|N.sO  »0  »0  ^  Th  ^  ^ 
0  i>»iororON  «  •-'  "^  •-' 

LOLOU^ 

OOOQOO»n»n«ototOfOt^f^MThi    1    1    1    1    1         1    1    i* 
»00\fOCT'vO  ^fOw  i-i  i-i  »^ 

M     M     M 

•606.  ua  'ds 

10                 to  LO  LO  i-O 

0  »no  Ovo  koo  ^100  kOfoo  i*  OQO   II        1        1    1    1    1    I 

S-fOWOO  M  i-«  «  r^fO«  O^OO  t>*vO  to^  1     1           1           1     1     1     1     1 

•fe6.  ua  'ds 
•l!0  n«-»o!w 

nvouamy 

lOtO       10 

op  to  >o  M  Q  ro>0  •-•  e«  b  ^O00  Nr^NOOO         lllllll 
rp«§oo  i^nO  0  ion  000  r^vo  io«OTh^<^ro       1    1              1     1    1 

•fib.  •ja  'ds 
•no  l«»«IW 

uvDuatuy 

10                            to        »o 

lO^vOMvO  t-i  b»0O   ^00   NVO    1     1     1     1      1           1     1     1     1     1     1     1     1 
N   a\  M  r**  ro  •-■  00  r>.^  »0  to  Th   '     •     •     "      •           1      1     1     1     1     1     1     1 
^  «»«    W    i-«    •-•    •— 

•Sgg.  'jJB  -ds 

110  l«»0!W 
ovouaniy 

to 
to               r^      »o 

totng  ^orp'^O  r^^"*- r^  1     1         11              III              11 
rfO  a»l'»vO  lOtOTh^^ro''           ''                 III                 II 

•l!0 

to              toto              to        »OtO              to        to        to 

0  0  vO   0  ON  to  r-»>0  MOO  too  Nvb  robob  r^N©   V  ^  to  ro  i*  *-  00 
«  t>«O00   *-   ««»^N   —00  «>.  l>»vO  »OiOt01-^^^'9-'*'^^^rO 
\0   ^rON   M   ►.»   i-i   —   i-« 

•no  ouadS 

to  toto                   to        to 

1    i>«r^r0'0  b  0  Q  f^'^  C\t>»vO  V  ro  N  •-•  O^  t>»>0  ^O  ^  ro  N  m  O 
'   r^ fo ^  Ovoo  r^>5  to»OTh^ThThThThThfOfOfOrofOfOforofO 

»4    »4    •« 

■Aoiiiijaag 

1  1  1  1  1  1  1  1  1  1  1  1  1  1  V  1  1  1  1  S.  1  1  1  1  1 

UO  «*«H 

is-i  1  1  l^l«     1  1  1  l«  1  1  1  1  1  1  1  1  i  1 

*l!0  »d^H 

1 1^  1 1 l^l^l 1 1 1 1^1 1 1 1 1 1 1 1 1 1 

•no  •<J«H 

1    <s  M  i  1  >^  1 1"  1  1  1  1  1  ^       1  1  1  1  1  1  1  1 

•no3<i«H 

to                    to          to»oio               toto           toioto  'aJSiuaAe  oqi 

«  0  »oO  Q  fO  0\  «>.  ro  ip  to  tovo  0\  ^00  -^  <^  r-»  to  ro  OAOqv  ^nqSiTS 
-^ONOwvO^NO   OvOO  r^v5  NO  to  to  to  Th  ^  ^        /,,.rt-i«t  A 

Mmvjtoaiiiax 

OQOOOQOOOOOOOOOQOOOOOOOPOQ 
to>0  l>»00  ON  0  •-•  w  **>  ^  to*©  r>.oo  Ov  0  '-'  N  fO  ^  u-iO  r^oo  On  0 

243'J 


OILS. 


The  following  table  gives  the  number  of  seconds  that  50  cc. 
of  oil  (mineral)  take  to  run  out  of  Redwood's  Viscosimeter  at 
various  temperatures,  and  the  purposes  for  which  such  oils  the 
writer  has  found  to  be  most  suitable  : — 


Cylinders,  valveSi  and  heavy  machi- 
nery   

Medium  machinery,  caniage  oils, 
boxes,  &c 

Light  machinery,  spindles,  &c. 


A160* 
F. 


Sees. 


540 
290 


i40«»  F. 


i8o*»F. 


dOCS> 


105 

52 


Sees. 


95 
30 


220*  F, 


wCCSa 


65 

54 
15 


UL 
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The  Fluidlmdter. — This  instrument  was  designed  by  tlie 
Author  for  ascertaining  the  fluidity  or  viscosity  of  several  oils  at 
the  same  time.  It  consists  (Fig.  53)  of  a  copper  bath,  14  in. 
long,  9  in.  wide,  and  i|  in.  deep,  provided  with  a  stout  silver- 
plated  gun-metal  plate  containing  six  cups  connected  with 
graduated  grooves,  and  swung  upon  elevated  bearings  from  two 
studs  protruding  from  the  centre  of  the  longitudinal  sides,  and 
fixed  by  means  of  thumb  screws.     A  protractor  is  fixed  on 
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the  side  of  the  bath,  so  that  the  latter  can  be  tilted  at  any 
desired  angle.  At  the  top  of  the  bath  are  two  holes,  one  for  a 
thermometer  and  the  oth«  for  pouring  in  oil  or  water,  to  be 
maintained  at  any  desired  temperature  by  a  bunzen  burner;  a 
stout  glass  plate  keeps  away  air  currents. 

The  rate  of  flow  of  various  oils  on  this  machine  at  various 
temperatures  has  been  found  to  be  practically  identical  with 
those  obt^ned  by  Redwood's  Viscosimeter, 
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Oibbs*  ViBOOtdmeter. — The  writer  is  indebted  to  Dr. 
Stillman,  of  the  Hoboken  Technological  Institute,  for  a  com- 
munication on  a  new  form  of  viscosimeter  used  on  the  Chicago, 
Milwaukie  and  St.  Paul  Railroad,  designed  by  Mr.  Gibbs, 


to  overcome  some  of  the  objectionable  points  in  exist- 
ing firms  of  viscosimeters.  The  advantages  of  its  use 
being  :— 

(i.)  To  have  a  large  body  of  hot  oil  as  a  bath  surrounding 
the  oil  to  be  tested  in  order  to  keep  the  latter  at  a  perfectly 
even  temperature. 
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(2.)  To  apply  a  forced  circulation  to  the  bath  by  means  of  a 
double  action  pump,  to  insure  equality  of  heat  in  all  parts. 

(3.)  To  deliver  the  oil  to  be  tested  at  the  orifice  under  a  con- 
stant head,  which  is  accomplished  by  means  of  a  pneumatic 
trough. 

(4,)  To  supply  convenient  means  for  accurately  measuring 
the  temperature  of  the  oil. 

The  preceding  page  contains  a  sketch.  Fig.  54,  of  the 
apparatus. 

The  large  reservoir,  a,  is  of  copper,  with  heavy  brazed 
bottom.  This  contains  the  cylindrical  inside  chamber  with 
conical  bottom  b.  At  the  lower  end  of  this  is  the  gauged  aper- 
ture T.  Inside  of  this  chamber  fits  the  inverted  reservoir  c, 
holding  the  oil  to  be  tested.  In  the  interior  of  this  chamber  is 
a  tube,  D,  extending  nearly  to  the  bottom  of  the  same.  This 
tube  admits  air  to  determine  the  head  of  the  oil,  and  also  to 
admit  the  thermometer  f.  The  outside  bath,  a,  contains  the 
deflector  plates,  o,  p,  and  r,  to  obtain  proper  mixing  of  the 
bath.  The  heating  of  the  bath  is  done  by  a  lamp,  w,  set  under- 
neath the  separate  heating  chamber  G.  The  size  of  the  orifice 
at  T  is  A  inch. 

Specific  Gravity. — The  specific  gravity  of  oils  is  usually 
determined  at  a  temperature  of  15^  C,  and  in  the  case  of  solid 
fats,  at  any  convenient  temperature  above  their  melting  points. 
A  quick  and  fairly  accurate  specific  gravity  of  oils  fluid  at  the 
ordinary  temperature,  may  be  obtained  by  the  hydrometer 
(Fig.  55).  The  oil  having  been  brought  to  the  required  tem- 
perature in  a  glass  cylinder,  the  hydrometer  is  dropped  into  it ; 
when  it  stops  sinking,  the  point  of  the  graduated  stem,  which 
the  tip  of  the  meniscus  of  the  oil  just  touches,  is  taken  as  the 
specific  gravity.  In  the  examination  of  oils,  it  will  be  con- 
venient to  keep  three  hydrometers,  graduated  from  700  to 
•800,  "800  to  900,  and  '900  to  I'ooo  respectively.  Some  oils 
are  too  thick  to  allow  (heir  specific  gravities  being  taken  with 
the  hydrometer  at  the  ordinary  temperature ;  m  such  cases  the 
specific  gravity  bottle  (Fig.  56)  may  be  used — one  holding 
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about  50  cc,  with  a  fine  hole  drilled  through  the  stopper,  is 
convenient  The  weight  of  the  empty  dry  bottle  being  first 
ascertained,  it  is  filled  with  distilled  wster  at  1 5°  C, 
and  again  neighed  ;  and  by  subtracting  the  weight 
oF  the  bottle,  the  weight  of  the  water  it  holds  is 
thus  obtained.  The  water  having  been  poured 
away  and  the  bottle  dried,  the  sample  of  oil  at  a 
temperature  of  15°  C.  is  poured  in,  and  the  bottle 
Bioppered,  cleaned,  dried  and  weighed.  The  weight 
of  the  oil  thus  obtained  (by  subtracting  the  weight 
of  the  bottle  from  that  of  the  bottle  plus  oil), 
divided  by  the  weight  of  water  the  bottle  holds, 
will  give  the  speci6c  gravity  of  the  oil. 

In  determining  the  specific  gravity  of  the  solid 
fats  at  elevated  temperatures,  Sprengel's  specific 
gravity  tube  (Fig.  57)  is  useful.  The  weight  of 
water  at  15°  C.  it  holds  having  been  first  ascer- 
tained, the  melted  fat  is  sucked  into  it  and  placed 
into  a  beaker  of  water  at  the  desired  temperature ; 
after  being  immersed  sufficiently  long  for  the  oi!  to 
acquire  the  temperature  of  the  water,  the  caps  are 
put  on  each  of  the  ends  of  the  capillary  tubes, 
dried,  cooled  and  weighed,  from  which  the  specific 
gravity  is  calculated;  water  at  15°  C.  being  taken 
as  unity.     It  sometimes  happens  that  in  extracting  solid  fats, 

&c,  from  substances,  there  is  in- 
I  sufficient  to  make  a  determination 

of   the    specific  gravity   by  the 

usual  methods;  in  such  cases  it 
w  can  be  obtained  fairly  accurately 

y  \  by  floating  a  thin  piece  of  the  fat 

^'•o'sk  on  distilled  water  at  the  desired 

\\  rB*X?/  temperature,  and  adding  alcohol, 

\-JlJ  until  on   moving  the  fat  about 

Fig.  56.  Fio.  jj.  with  a  glass  rod,  it  will  stop  in  any 

desired  part  of  the  liquid.  The 
specific  gravity  of  the  liquid  being  ascertained  with  the  hydro- 
meter or  bottle,  the  specific  gravity  of  the  fat  is  thus  obtained. 
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The  following  is  a  table  of  specific  gravities,  at  15®  C,  by 

Stillwell,  of  various  kinds  of  animal  and  vegetable  oils  :— 

Sperm,  bleached  winter '8813 

Sperm,  natural  winter '8815 

Elaine *90ii 

Red,  saponified -9016 

Palm '9046 

Tallow '9137 

Neatsfoot '9142 

Rape-seed,  white  winter '9 144 

Olive,  light  greenish  yellow      ....  '9144 

Olive,  dark  green '9i45 

Pea-nut '9154 

Olive,  virgin,  very  light  yellow         .  .  •9i<)3 

Rape-seed,  dark  yellow *9i68 

Olive,  virgin,  dark  clear  yellow         .  .  '9169 

Lard,  winter '9175 

Sea  elephant '9i99 

Tanner's  (Cod) '9205 

Cotton-seed,  raw '9224 

CoUon-seed,  refined  yellow      ....  '9230 

S.ilad  (cotton-seed) '9231 

Labrador  (Cod) '9237 

Poppy .        .  9245 

Seal  (natural) '9246 

Cocoa  nut '9250 

Whale,  natural  winter '9254 

Whale,  bleached  winter '9258 

Cod  liver,  pure 9270 

Seal,  racked -9286 

Cotton-seed,  white  winter         ....  '9288 

Straits  (Cod) -9290 

Menhaden  (dark) '9292 

Linseed  (raw) '9299 

Bank  (cod) '9320 

Menhaden  (light) '9325 

Porgy -9332 

Linseed,  boiled '94 n 

Castor,  pure,  cold  pressed         ....  '9667 

Resin,  third  lun '9887 

The  mineral  lubricating  oils  have  specific  gravities  ranging 
from  -850  to  -925. 
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The  following  is  a  table  of  specific  gravities  and  yield  of 
various  products  on  the  distillation  of  100  gallons  of  Russian 
petroleum : — 

Specific 

Gravity.  Gallona. 

**  Benzine" 725  i 

«*  Gasolene" 775  3 

Kerosene '822  27 

Pyronaphtha '858  12 

Lubricating  oil        •        •        .        .  '890- '905         27 

Cylinder  oil '915  5 

Vaseline  (not  a  direct  product)         •  '925  i 

Residuum  and  loss          .        •        •  —  24 

100 

The  Flashing  Point. — The  flashing  point,  or  the  temperature 
at  which  an  oil  gives  off  inflammable  vapour,  can  be  determined 
by  the  Abel  flash-point  apparatus,  described  on  page  261 ;  but 
the  cup  must  be  taken  out  of  the  water  bath  and  placed  in  a 
copper  air  bath,  since  the  flash  point  of  most  lubricating  oils 
is  above  the  temperature  of  boiling  water.  A  small  flame 
is  kept  under  the  apparatus,  and  the  oil  tested  at  every  rise  of 
one  degree,  as  in  the  case  of  the  petroleums.  The  flash  point 
of  a  lubricating  oil  must  be  higher  than  the  temperature  at 
which  it  is  proposed  to  work.  For  cylinders,  &c.,  oils  should 
not  flash  below  200^  C,  and  for  ordinary  machinery  not  below 
149°  C.  The  light  Scotch  shale  oils  flash  at  from  130^  to 
185°  C,  while  the  darker  variety  used  for  heavy  machinery, 
cylinders,  &c.,  flash  at  from  180°  to  230°  C. 

Determination  of  Free  Fatty  and  Mineral  Acids. — 

Free  fatty  acids  present  in  fatty  oils  are  brought  about  by  the 
decomposition  of  the  glycerides,  which  thus  become  rancid.  The 
free  fatty  acids,  present  in  oils  intended  for  lubricating,  should 
not  exceed  5  per  cent,  owing  to  their  corroding  action  on 
bearings,  &c. ;  while  for  burning  purposes,  3  per  cent  should 
be  the  maximum  quantity  present,  otherwise  the  wicks  become 
charred.  Free  mineral  acids  are  sometimes  present  in  very 
small  quantities,  owing  to  their  imperfect  elimination  during 
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refining ;  they  have  a  very  corroding  action  on  bearings,  &c. 
The  free  fatty  acids  may  be  determined  as  follows :  Weigh  out 
50  grms.  of  the  sample  (or  in  the  case  of  palm  oil,  5  grms.) 
into  a  200  cc.  flask,  and  pour  on  to  it  100  cc.  of  neutral  methyl- 
ated  alcohol,  to  which  three  drops  of  an  alcoholic  solution  of 
phenolphthalein  (i  in  30),  and  one  drop  of  £  NaHO  has  been 
previously  added ;  the  pink  solution  thus  produced  soon  be- 
comes colourless  on  agitating  with  the  oil  if  any  free  fatty  acid 
be  present.  After  agitating  for  some  time  to  ensure  the  com- 
plete solution  of  the  free  acids,  a  standard  £  solution  of  sodic 
hydrate  is  gradually  run  in  from  a  burette,  stirring,  until  the  last 
drop  added  produces  a  permanent  pink  coloration  on  agitat- 
ing for  five  minutes.  Note  the  volume  of  standard  soda  solu- 
tion thus  required.  £ach  cc.  of  solution  required,  corresponds 
to  0*282  grm.  of  free  oleic  acid  (C18H34O2),  0*256  grm.  free 
palmitic  acid  (CuHsgOa),  or  0*284  grm.  of  free  stearic  acid 
(CigHjeOa),  as  the  case  may  be. 

Free  mineral  acids  may  be  detected  by  agitating  50  cc.  of 
the  oil  with  about  30  cc.  of  distilled  water  free  from  acid; 
and  on  adding  an  alcoholic  solution  of  methyl-orange  to  the 
aqueous  extract,  a  more  or  less  pink  coloration  will  be  pro- 
duced if  any  free  mineral  acid  be  present.     An  idea  of  the 

£ 
amount  could  be  ascertained  by  titrating  with  standard  — 

NaHO.  The  nature  of  the  free  mineral  acids  could  be  deter- 
mined by  dividing  an  aqueous  extract  of  50  cc.  of  the  sample 
into  three  equal  parts,  adding  BaCU  to  one  for  H2SO4,  AgNOa 
to  another  for  HCl,  and  sulphate  of  brucine,  and  36  £  HaSO^ 
to  another  for  HNO3.  When  free  mineral  acid  is  present  in 
oils  it  is  mostly  sulphuric  acid.  A  very  delicate  test  for  the 
detection  of  minute  quantities  of  free  sulphuric  acid  is  to 
evaporate  an  aqueous  extract  of  about  20  grms.  of  the  oil,  to 
dryness,  with  an  addition  of  a  few  crystals  of  white  cane  sugar, 
and  on  heating  the  residue  for  some  time  in  a  water  bath,  a 
more  or  less  browning  or  blackening  will  be  produced. 

The  following  table  by  Watson  shows  the  corroding  action 
of  various  oils  upon  iron  and  copper; — 
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Iron  dissolved  in 

Copper  dift 

Oils.                                              24  days. 

in  zo  d&] 

Almond      ....    '0040  gra'n 

•1030 

Castor 

.      0048     „ 

— 

Colza 

•0800     „ 

•0170 

Lard 

.      0250     „ 

— 

Linseed 

.      0050     „ 

•y^oo 

Neatsfoot 

.      0875     ,, 

•J  100 

Olive 

.      0062     „ 

'2200 

Paraffin 

.     -0045    „ 

•0015 

Seal 

.     0050    „ 

•0485 

Sperm 

•0460    „ 

•0030 

The  extent  of  the  action  of  oils  on  metals,  is  directly  pro- 
portional to  the  amount  of  free  fatty  acids  present,  and 
most  of  the  fatty  oils  act  more  rapidly  upon  copper  than  on 
iron. 

The  following  table  '*'  shows  the  minimum,  maximum,  and 
mean  percentage  proportions  of  free  fatty  acids  in  various 
oils : — 

A.  Table  oils  obtained  by  pressing. 

B.  Expressed  commercial  oils. 

C.  Oils  extracted  by  light  petroleum. 


A. 

B. 

C. 

min. 

max. 

mean 

min. 

max. 

mean. 

min. 

max. 

mean. 

Rape-seed  oil     . 

0-53 

1*82 

1*19 

052 

6'26 

2-88 

0-77 

I-IO 

0-93 

Olive  oil     . 

— 

1-66 

3-8/ 

27T6 

12-97 

— 

Poppy  oil    . 

070 

2-86 

1-92 

12-87 

1773 

15-37 

2-15 

9*43 

4-72 

Earth-nut  oil 

085 

3-91 

194 

3-58 

lO'bi 

652 

0-95 

8-85 

4-02 

Oil  of  sesame 

0-47 

575 

1-97 

/•17 

33-13 

17-94 

2-62 

9-71 

4-89 

Cotton-seed  oil    . 

— 

015 

0*42 

050 

0-46 

_ 

Oil  of  mustard 

_ 

■^ 

^ 

068 

I -02 

0-85 

_ 

— 

Castor  oil    . 

— . 

— 

0-62 

i8-6i 

9-28 

1-18 

5*52 

2-78 

Linseed  oil 

— 

— 

— 

0*4  r 

419 

^'57 

— 

— 

Candle-nut  oil 

— 

... 

— i 

56-45 

— 

— > 

Pa'm  kernel  oil  . 

— 

33 

17-65 

6-91 

4-17  11-42 

8-49 

Palm  oil  (old)      . 

— 

— 

— 

5082 

— 

Cocoanut  oil 

— 

3-03 

H-35 

7-92 

I '00 

6-31 

4-26 

Llippe  fat  (3  yeais  old) 

1 

— 

— 

28-54 

— 

— 

— 

Niam  fat     . 

— 

— 

— 

— 

— 

14-40  34-72:24-56i 

Bicuhyba  fat 

— 

— 

— 

— 

— 

18-55 

— 

— 

Japan  wax . 

'  ' 

^HMM 

•■na 

^^^ 

^^■^ 

925 

^^ 

*^~ 

^^^ 

♦  Noerdlingcr,  «*Zeit.  Anal.  Chem.,"  28,  183-187. 
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Determination  of  Fatty  and  Minex'al  Oils. — Mixtures  of 
fatty  and  mineral  oils  are  now  much  used  in  lubrication,  and  it 
becomes  frequently  necessary  to  determine  the  proportion  of 
each  present.  In  order  to  effect  their  separation,  advantage  is 
taken  of  the  fact  that,  while  fatty  oils  are  decomposed  and 
converted  into  soaps  by  the  action  of  a  solution  of  potash  or 
soda,  the  mineral  oils  do  not  suffer  any  apparent  change  by 
such  treatment.  The  following  is  the  modus  operandi  of  the 
process : — 

Weigh  out  5  grms.  of  the  sample  into  a  5-oz.  wide-mouth 
stout  glass  bottle,  provided  with  an  indiarubber  stopper.  Pour 
into  it  26  cc.  of  i^  £  alcoholic  potassic  hydrate  solution,  and 
place  into  a  bath  of  cold  water.  A  Bunsen  is  lit  under  the 
bath^  and  when  the  alcoholic  solution  is  seen  to  boil,  the 
bottle  is  taken  out,  and  the  stopper  fixed  and  tied  down  with 
wire ;  it  is  now  again  placed  into  the  bath,  the  water  made  to 
boil,  and  the  bottle  occasionally  shaken; 
after  heating  thus  for  about  half  an  hour, 
the  bottle  is  taken  out,  allowed  to  cool, 
the  contents  poured  into  a  porcelain 
basin,  and  evaporated  nearly  to  dryness 
over  a  water  bath ;  60  cc.  of  warm 
water  are  now  poured  into  the  bottle 
and  well  shaken  in  small  quantities  at  a 
time,  so  as  to  remove  any  adhering 
matter,  poured  into  the  dish,  and  stirred 
with  a  glass  rod  until  the  soap  goes  into 
solution :  any  mineral  oil  present  will 
float,  or  remain  in  an  emulsive  condition      ^®-  s8.  fic  59. 

with  the  solution  of  soap.  The  whole  is  now  carefully  poured 
into  a  globular  or  cylindrical  separator  (Figs.  58  and  59},  and 
the  dish  and  bottle  washed  out  with  water  and  about  50  cc.  of 
methylated  ether  (using  small  quantities  at  a  time),  into  the 
separator;  the  stopper  is  now  put  in,  the  contents  violently 
shaken  up  for  about  ten  minutes,  and  the  mixture  allowed  to 
separate ;  sometimes  there  is  a  little  difficulty  in  the  separation, 
an  emulsion  being  formed.     In  such  cases  an  addition  of  2 
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or  3  cc.  of  absolute  alcohol  with  a  rotatory  motion  puts 
matters  all  right.  When  complete  separation  is  ensured,  the 
aqueous  solution  is  tapped  off  into  a  second  separator,  the 
aqueous  solution  shaken  up  with  20  cc  more  ether,  allowed 
to  separate,  the  aqueous  solution  tapped  off  as  before,  and  the 
ethereal  extract  added  to  the  main  portion,  which  in  turn  is 
washed  three  times  with  20  cc.  of  water,  and  the  washings 
added  to  the  main  aqueous  solution.  The  ethereal  solution  of 
the  mineral  oil  is  now  tapped  off  into  a  weighed  flask  attached 
to  a  Liebig's  condenser,  and  the  ether  distilled  off;  the  residual 
mineral  oil  is  then  dried  in  a  water  oven,  air  being  pumped  into 
it  occasionally  to  get  rid  of  the  last  traces  of  water,  which 
was  taken  up  by  the  ether ;  after  which  it  is  cooled  and 
weighed,  and  dried  again  until  no  further  loss  occurs.  If  the 
mineral  oil  present  be  light,  and  of  low  boiling  point,  consider- 
able loss  would  be  incurred  by  its  evaporation  by  this  process ; 
in  such  cases  it  would  be  best  to  determine  by  difference,  or 
dry  at  a  lower  temperature  where  practicable.  The  specific 
gravity,  congealing,  and  melting  points,  would  convey  an 
idea  of  the  nature  and  source  of  the  mineral  oil  present.  The 
aqueous  solution  contained  in  a  separator,  which  now  contains 
the  oil  in  the  form  of  soap,  is  acidulated  with  10  cc  of  10 
£  HCl,  the  fatty  acids  being  thus  precipitated.  40  cc.  of  methy- 
lated ether  are  added,  and  the  mixture  well  shaken  up ;  the  fatty 
acids  are  thus  dissolved  by  the  ether.  After  complete  separa- 
tion occurs,  the  acid  solution  is  tapped  off,  and  the  ethereal  solu- 
tion washed  three  times  with  about  20  cc.  of  water,  after  which 
it  is  run  off  into  a  weighed  flask,  the  separator  being  washed 
out  with  a  little  ether.  The  flask  is  attached  to  a  Liebig's 
condenser,  the  ether  distilled  off,  and  the  residual  fisitty  acids 
dried  in  the  water  oven  until  no  further  loss  of  weight  occurs. 
On  adding  5  per  cent,  for  loss  of  glycerine,  to  the  weight  of  the 
fatty  acids  thus  obtained,  this  gives  practically  the  proportion  of 
fatty  oil  present  In  order  to  identify  the  oil,  obtain  its  specific 
gravity,  melting  point,  odour  on  ignition,  and  if  resin  is  indi- 
cated estimate  by  Cladding's  process,  given  on  page  295. 


MELTING  AND  CONGEALING  POINTS.  253 

Bapid  Method  for  Separating  Fatty  Oils  firom  Mineral 

Oils. — Gripper*  has  found  that  an  extension  of  Kaettstorfer's 

process  for  the  determination  of  the  saponification  equivalent 

can  be  applied  to  a  quick  determination  of  fatty  and  mineral 

oils  in  a  compound  oil.     2^  grams  of  the  sample  are  saponified, 

E 
as  described  on  page  251^  with  25  cc.  of  standard  —  alcoholic 

2 

potash  solution ;  when  saponification  is  complete,  the  excess 

E 
of  KHO  is  titrated  with  standard  --  HCl,  using  phenolphtha- 

2 

lein  as  indicator.  A  blank  experiment  is  made  to  ascertain 
the  strength  of  the  alcoholic  potash  used,  after  which  the  per- 
centage of  potash  absorbed  is  readily  calculated.  The  follow- 
ing are  the  KHO  absorption  figures  for  oils  generally  used  in 
mixtures  for  lubricating  purposes : — 


KHO  absorption. 

Saponification 
equivalent. 

Cotton  seed 

»        22*27  per  cent. 

252 

Rape 

20-03        M 

280 

Neatsfoot . 

1870      „ 

300 

Lard. 
Tallow      • 

[      }  19-30       n 

290 

Castor 

' 

17-90       ,, 

313 

The  mean  percentage  of  KHO  absorbed  by  these  oils  is  20-08 

per  cent.,  then  — rg"  =  4*9^  parts  oil  saponified  by  i  part  of 

E 
KHO ;  therefore  if  the  number  of  cc.'s  of  standard  ~HC1  (cor- 
responding to  KHO  neutralized)  be  multiplied  by  5-587  (= 
•02805  X  40  X  4*98)  the  approximate  percentage  of  fatty  oil 
is  obtained. 

The  following  table  by  Hiibl  gives  the  melting  and  con- 
gealing points  of  fatty  acids  from  various  oils  and  fats,  and 
will  serve  as  a  good  guide  as  to  the  nature  of  the  oil  present : — 

•  Clu/n,  News,  vol.  Ixv.,  No.  1677. 
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Fatty  Acids  from— 

O'ive  oil       • 
Almond  oil  • 
Arachis  oil    . 
Rape  oil 
Cottonseed  oil 
Sesam£  oil    . 
Linseed  oil    . 
Poppy  oil 
Hempseed  oil 
Walnut  oil    . 
Castor  oil      • 
Palm  oil        • 
Cacao  butter 
Nutmeg  butter 
Cocoanut  oil 
Laurel  oil      • 
Shea  butter  . 
Tallow  . 
Wool  fat 
fiutierine 


Melting  point. 

Congealing  point 

*C. 

«c. 

26 

21*2 

14 

50 

.        277 

238 

20-1 

12*2 

.      377 

30-5 

26*0 

22-3 

17*0 

'3-3 

20*5 

iG'S 

i9'0 

150 

200 

16-5 

.      130 

30 

.      47-8 

427 

.      520 

510 

.      42-S 

40*0 

24-6 

20.4 

270 

22*0 

.      39-5 

380 

.      450 

43-50 

.      41*8 

40-0 

.      42 

39-8 

Determination  of  the  Melting  and  Congealing  Points 
of  Oils  and  Fats. — It  is  important  that  oils  used  for  lubrica- 
tion should  not  have  very  high  congealing  or  solidifying  points. 
The  temperature  at  which  an  oil  congeals  may  be  found  by 
half  filling  a  test  tube,  6  in.  by  i  in.,  with  the  oil,  placing  a  ther- 
mometer therein,  and  introducing  the  whole  into  a  mixture  of 
equal  parts  of  salt  and  ice ;  or  if  ice  be  not  available,  into  a  mix- 
ture of  fifteen  parts  of  sodic  sulphate,  and  ten  parts  of  5  £  HCl. 
The  oil  is  stirred  with  the  thermometer  until  on  inclining  the 
test  tube  the  oil  ceases  to  run  ;  the  temperature  at  which  this 
takes  place  is  taken  as  the  congealing  point.  On  taking  the 
test  tube  out  of  the  mixture  the  temperature  at  which  the  oil 
melts  could  be  obtained.  It  is  important  that  the  sample 
should  be  free  from  water  and  suspended  matter  before  ob- 
taining the  melting  or  congealing  point,  since  these  interfere 
with  the  accuracy  of  the  results.  To  obtain  the  melting  and 
congealing  points  of  oils,  solid  or  semi-solid  at  the  ordinary 
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temperature,  a  small  tall  beaker  is  nearly  filled  with  mercury, 
and  placed  in  a  bath  of  cold  water,  the  sunounding  water 
being  slightly  higher  than  the  level  of  the  mercury.  A  thermo- 
meter is  suspended  from  a  support,  the  bulb  of  which  is 
immersed  in  the  beaker  of  mercury ;  a  little  of  the  fat — ^about 
the  size  of  a  pin's  head — is  placed  on  the  mercury  by  means  of 
a  pair  of  glass  rods  drawn  out  to  fine  points,  and  a  small 
flame  placed  under  the  water  bath,  regulated  so  that  the  tem- 
perature of  the  mercury  rises  about  0*5°  C  per  minute.  Note 
the  temperature  at  which  the  sample  begins  to  melt,  and  also 
the  temperature  at  which  it  is  perfectly  fluid.  By  taking  the 
lamp  away  it  could  be  observed,  as  the  temperature  sinks, 
at  what  point  the  sample  congeals. 

Good  mineral  oils  do  not  congeal  at  the  freezing  point  of 
water ;  the  heavier  varieties  congeal  at  about  —  6°  to  —  8°  C, 
and  the  lighter  kinds  remaining  fluid  at  —  16°  to  —  18°  C. 

The  following  results  were  obtained  at  the  U.S.  Navy  Yard, 
Brooklyn,  in  1870,  with  various  oils: — 


Thickens.    Flow  ceases. 


Sperm  . 
OUve  . 
Tallow  . 

If        • 
Lard 


«C. 
I 

10 

—  I 

21 

7 


•c. 

—  8 

—  4 
16 

o 


Solid. 
«C. 

—  9 

—  14 

—  8 
6 

—  6 


Sp.gr. 

761 
•933 

795 
•993 
•959 


The  following  are  congealing  points  of  the  more  important 


oils : — 


Rape  oil,  about     . 
Cottonseed  oil,  about 
Sunflower     „ 
Linseed        „ 
Hempseed    „ 
Castor  „ 

Poppyseed    „ 
Neatsfoot 


)i 


f » 


»f 


f» 


i» 
>* 

I) 


•C. 

—  8 

—  3 

—  14 

—  24 

—  20 

—  18 

—  18 

—  4 


The  following  are  melting  points  of  a  few  fats,  solid  at  the 
ordinary  temperature : — 


u 
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Cacao  butter, 

about 

Palm  oil 

i> 

Cocoanut  oil 

t* 

Tallow 

i» 

Butter 

«i 

fiutterine 

ff 

Beeswax 

If 

Spermaceti 

i> 

•a 

35 
26 

43 
34 

38 

63 
46 


Lobs  on  Evaporation,  and  Gumming  Properties  of 
Oils. — To  determine  the  loss  an  oil  sustains  on  exposure  at 
elevated  temperatures,  weigh  out  about  i  grm.  of  the  oil  on  a 
weighed  watch  glass,  allow  to  stand  exposed  in  a  water  oven  for 
twelve  hours,  cool  and  reweigh,  and  calculate  the  loss  or  gain, 
as  the  case  may  be;  observe  if  the  residue  is  at  all  sticky  or 
gummy.  If  the  oil  be  required  for  light  machinery,  exposure 
for  twelve  hours  at  60°  C.  instead  of  100°  will  be  found  suitable. 
Good  mineral  oils,  intended  for  heavy  machinery,  cylinders, 
&c,  rarely  lose  more  than  i  per  cent,  on  exposure  for  twelve 
hours  at  100°  C,  while  mineral  oils  intended  for  light  machinery 
rarely  exceed  a  loss  of  o'5  per  cent  on  exposure  for  twelve 
hours  at  60°  C.  Many  vegetable  oils  of  the  "  drying  "  class, 
such  as  linseed,  hempseed,  cottonseed,  &c.,  increase  in  weight 
on  exposure  for  twelve  hours  at  100°  C,  owing  to  the  absorp- 
tion of  oxygen  from  the  air. 


Estimation  of  Suspended  Matter. — Oils  intended  for 
lubrication  should  only  contain,  at  most,  a  mere  trace  of  sus- 
pended matter.  Some  mineral  oils  are  so  dark  and  thick  that 
a  fair  quantity  of  suspended  or  mineral  matter  would  escape  ob- 
servation in  the  ordinary  way.  To  determine  the  proportion  that 
may  be  present,  weigh  out  about  10  grms.  of  the  sample  into  a 
beaker,  dilute  with  50  cc.  of  methylated  ether,  filter  off  any  sus- 
pended matter  through  a  weighed  filter  paper,  wash  the  filter 
till  free  from  oil  with  ether,  dry  and  weigh.  Increase  =  sus- 
pended matter  both  mineral  and  organic.  If  the  amount  be 
large,  it  would  be  wise  to  ignite  the  filter  and  its  contents  care- 
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fully  in  a  weighed  crucible,  and  estimate  the  residual  mineral 
matter.  The  loss  on  the  former  weight  would  represent  sus- 
pended organic  matter. 

Characteristics  of  Good  Lubricatiiig  Oils. — ^The  fol- 
lowing should  be  the  ideal  characteristics  of  good  lubricating 
oils,  according  to  Spon  : — 

(i)  A  mineral  oil  flashing  below  150°  C.  is  unsafe. 

(2)  A  mineral  oil  losing  more  than  5  per  cent  in  ten  hours 
at  15°  to  20°  C.  is  inadmissible,  as  the  evaporation  creates  a 
gum,  or  leaves  the  bearing  dry. 

(3)  The  most  fluid  oil,  that  will  remain  in  its  place,  fulfilling 
other  conditions,  is  the  best  for  all  light  bearings  at  high 
speeds. 

(4)  The  best  oil  is  that  which  has  the  greatest  adhesion  to 
metallic  surfaces,  and  the  least  cohesion  in  its  own  particles ; 
in  this  respect  fine  mineral  oils  stand  first,  sperm  oils  second, 
neatsfoot  oil  third,  and  lard  oil  fourth;  consequently  the 
finest  mineral  oils  are  best  for  light  bearings  and  high  velo- 
cities. The  best  animal  oil  to  give  body  to  fine  mineral  oils 
is  sperm  oil ;  lard  and  neatsfoot  oils  may  replace  sperm  oil 
when  greater  tenacity  is  required. 

(5)  The  best  mineral  oil  for  steam  cylinders  is  one  having  a 
density  of  '893,  and  a  flashing  point  of  360^  C. 

(6)  The  best  mineral  oil  for  heavy  machinery  has  a  density 
of  '880,  and  a  flashing  point  of  269^  C. 

(7)  The  best  mineral  oil  for  light  bearings  and  high 
velocities  has  a  density  of  '871,  and  a  flashing  point  of 
262°  C. 

(8)  Mineral  oils  alone  are  not  suited  for  very  heavy  machi- 
nery, on  account  of  their  want  of  body,  but  well  purified 
animal  oils  are  applicable  to  the  heaviest  machinery. 

(9)  Olive  oil  stands  first  among  vegetable  oils,  as  it  can  be 
purified  without  the  aid  of  mineral  acids.  The  other  vegetable 
oils  which,  though  far  inferior  to  olive  oil,  are  admissible  as 
lubricants  are — ^in  their  order  of  merit — sesamd,  earth-nut, 
rape  and  colza,  and  cottonseed  oils. 
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(10)  No  oil  is  admissible  which  has  been  purified  by  means 
of  mineral  acids. 

The  following  list  of  oils,  by  Duggan,  are  placed  in  the 
order  of  their  usual  commercial  monetary  value : — 

(i)  Olive  oil. 

(2)  Sperm  oil. 

(3)  Neatsfoot  oil. 

1{a)  Bottlenose  oil. 

{b)  Lard  oil. 

{c)  Castor  oil. 

(7)  Cod  oil. 

!(a)  Arachis  oil. 

(b)  Sesame  oil. 

(c)  Poppyseed  oil. 

(11)  Colza  and  Rape  oil. 

(12)  Seal  oil. 

(13)  Nigerseed  oil. 

(14)  Linseed  oil. 

(15)  Whale  oil. 

(16)  Cottonseed  oil. 

(17)  Menhaden  oil. 

(18)  Japan  Fish  oil. 

(19)  Mineral  oils. 

(20)  Resin  oil. 

Foreign  Admixtures  in  Oils. — ^The  follo^ving  is  a  useful 
table,  by  Allen,  for  the  examination  of  oils  containing  foreign 
admixtures :— 
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Mineral  Illuminating  Oils. 

The  mineral  illuminating  oils  of  commerce  are  obtained  by 
distilling  (i)  the  natural  crude  petroleum  oils  found  as  springs 
and  subtenanean  reservoirs  in  close  proximity  to  deposits  of 
bitumen,  bituminous  coals,  &c.,  in  America,  South  Russia^ 
India,  Persia,  &c.,  and  (2)  the  crude  oil  obtained  by  the  dis* 
tillation  of  bituminous  shale.  The  oil  fields  of  Pennsylvania 
supply  most  of  the  burning  oils  of  commerce. 

There  are  many  fancy  names  given  to  the  various  fractions 
of  the  distillation  of  crude  petroleum  and  shale  oils  sold  as 
burning  oils,  such  as  **  kerosene,*'  "  photogene,"  "  petroline,** 
**  liquid  gas,"  " beacon  oil,"  "aurora  oil,"  "  astral  oil,"  &c. 

The  following  table  by  Redwood  *  shows  the  percentage  of 
burning  oils  obtained  from  crude  petroleums  of  various  locali- 
ties : — 


Locality. 


Persia 

£ast*India 

Burmah,  mud  volcano,  Kyouk  Phyou 

„        native  pits,  Mimbyin  . 

„        Western  Barangah     . 

„        EiStem  Barangah 

Assam 

India 

Russia 

,,  .        •        «        .        • 

Hanover 

South  America         .        .        .        . 
ft  .... 

New  Zealand   . 

Italy,  near  Miliin      .... 
United  States,  Wyoming 

II  »t  •        • 

Scotch  Shale  Oil    . 


Yield  of  Commercial  Products. 

Spedfir 
gravity. 

Naphtha 

Burning  oil. 

Lubrica 
ting  oil. 

percent 

per  cent 

•p.gr. 

percent. 

•777 

1-4 

87-5 

— 

•821 

3-6 

62^5 

•800 

320 

•818 

nil 

557 

•800 

3'*3 

•866 

*t 

151 

•810 

659 

•888 

«» 

7-2 

•8IS 

893 

•«35 

2-5 

66-1 

'Sio 

273 

•933 

nil 

nil 

.. 

94*2 

'235 

»» 

20'0 

•80s 

60 -o 

•836 

20*0 

40-0 

— 

37-5 

•942 

nil 

nil 

— 

90-0 

•843 

lo-o 

6o^o 

•812 

27-5 

•852 

nil 

500 

•808 

450 

•900 

tt 

nil 

— 

91-5 

•828 

If 

6o-o 

•808 

380 

787 

450 

45-0 

•806 

5  "4 

•910 

^:? 

27-5 

— 

57-5 

•945 

nil 

100 

72-5 

•870 

6 

36 

•810 

180 

•  <*  Joum.  Soc.  Art&i"  x»xiv.,  823,  878. 
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Examination  of  Burning  Oile.— One  of  the  most  important 
points  to  be  determined  in  the  selection  of  mineral  oils  for  burn- 
ing purposes  is  the  temperature  at  which  the  vapour  evolved 
from  the  oil  takes  fire  on  the  application  of  a  flame,  and  is  termed 
the  "  flashing  point."  The  minimum  flashing  point  by  the  close 
test  about  to  be  described,  has  been  fixed  by  the  Petroleum  Act 
of  1879  to  be  73  degrees  of  Fahrenheit's  thermometer. 

The  following  is  a  sketch  of  the  apparatus  and  modus 
operandi  of  the  process  for  the  determination  of  the  flashing 
points  of  light  mineral  oils  as  devised  by  Sir  Frederick  Abel, 
and  set  forth  in  Schedule  I.  of  the  Petroleum  Act  of  1879: — 

Specification  of  the  Test  Apparatus  (Fig.  60). — The  oil 
cup  consists  of  a  cylindrical  vessel  2  in.  in  diameter  and  21V  in. 
in  height  (internal),  with  outward  projecting  rim  iV  in.  wide, 
i  in.  from  the  top  and  it  in.  from  the  bottom  of  the  cup.  It 
is  made  of  gun-metal  or  brass  (17  B.W.G.)  tinned  inside.  A 
bracket  consisting  of  a  short  stout  piece  of  wire  bent  upwards, 
and  terminating  in  a  point,  is  fixed  to  the  inside  of  the  cup  to 
serve  as  a  gauge.  The  distance  of  the  point  from  the  bottom 
of  the  cup  is  i^  in.  The  cup  is  provided  with  a  close-fitting 
overlapping  cover  made  of  brass  (22  B.W.G.),  which  holds 
the  thermometer  and  test  lamp.  The  latter  is  suspended  from 
two  supports  from  the  side  by  means  of  trunnions,  upon  which 
it  may  be  made  to  oscillate ;  it  is  provided  with  a  spout,  the 
mouth  of  which  is  iV  in.  in  diameter.  The  socket  which  is  to 
hold  the  thermometer  is  fixed  at  such  an  angle,  and  its  length 
so  adjusted,  that  the  bulb  of  the  thermometer  when  inserted 
to  its  full  depth  shall  be  1^  in.  below  the  centre  of  the  lid. 

The  cover  is  provided  with  three  square  holes,  one  in  the 
centre  iV  in.  X  A  in-,  and  two  smaller  ones  -^  in.  x  A  in. 
close  to  the  sides  and  opposite  each  other.  These  three  holes 
may  be  closed  and  uncovered  by  means  of  a  slide  moving  in 
grooves,  and  having  perforations  corresponding  to  those  on 
the  lid. 

In  moving  the  slide  so  as  to  uncover  the  holes,  the  oscillating 
lamp  is  caught  by  a  pin  fixed  in  the  slide  and  tilted  in  such  a 
way  as  to  bring  the  end  of  the  spout  just  below  the  surface  of 
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the  lid.     Upon  the  slide  being  pushed  back  so  as  to  cover  the 
holes,  the  lamp  returns  to  its  original  position. 

Upon  the  cover,  in  front  of  and  in  line  with  the  mouth 
of  the  lamp,  is  fixed  a  white  bead,  the  dimensions  of  which 
represent  the  size  of  the  test  flame  to  be  used. 


hr-=^^^^ 


VV  VV 


Fig  6ou— Sir  F.  Absl's  Flash-point  Apparatus. 


B  Water  bath. 
A  Oil  cup. 
C  Gaug^. 


E  Thermometer. 
G  Oscillating  lamp. 
I  Air  chamber. 
H  Thermometer. 


K  Spirit  lamp. 
F  Flame  gauge. 
d  Funnel. 


The  bath  oi  heated  vessel  consists  of  two  flat-bottomed 
copper  cylinders  (24  B.W.G.),  an  inner  one  of  3  in.  in  diameter 
and  2\  in.  in  height,  and  an  outer  one  5^^  in.  in  diameter  and 
5f  in.  in  height ;  they  are  soldered  to  a  circular  copper  plate 
(20  B.W.G.)  perforated  m  the  centre,  which  forms  the  top  of 
the  bath  in  such  a  manner  as  to  enclose  the  space  between 
the  two  cylinders,  but  leaving  access  to  the  inner  cylinder. 
The  top  of  the  bath  projects  both  outwards  and  inwards  about 
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f  in.,  that  is,  its  diameter  is  about  i  in.  greater  than  that  of  the 
body  of  the  bath,  while  the  diameter  of  the  circular  opening  in 
the  centre  is  about  the  same  amount  less  than  that  of  the  inner 
copper  cylinder.  To  the  inner  projection  of  the  top  is  fastened, 
by  six  small  screws,  a  flat  ring  of  ebonite,  the  screws  being 
sunk  below  the  surface  of  the  ebonite  to  avoid  metallic  contact 
between  the  bath  and  the  oil  cup.  The  exact  distance  between 
the  sides  and  bottom  of  the  bath  and  of  the  oil  lamp  is  i  in. 
A  split  socket,  similar  to  that  on  the  cover  of  the  oil  cup,  but 
set  at  a  right  angle,  allows  a  thermometer  to  be  inserted  into 
the  space  between  the  two  cylinders.  The  bath  is  further  pro- 
vided with  a  funnel,  an  overflow  pipe,  and  two  loop  handles. 
The  bath  rests  upon  a  cast-iron  tripod  stand,  to  the  ring  of 
which  is  attached  a  copper  cylinder  or  jacket  (24  B.W.G.), 
flanged  at  the  top,  and  of  such  dimensions  that  the  bath  while 
firmly  resting  on  the  iron  ring  just  touches  with  its  projecting 
top  the  inward  turned  flange.  The  diameter  of  Uiis  outer 
jacket  is  6^  in.  One  of  the  three  legs  of  the  stand  serves  as  a 
support  for  the  spirit  lamp,  attached  to  it  by  means  of  a  small 
swing  bracket.  The  distance  of  the  wick-holder  from  the 
bottom  of  the  bath  is  i  in.  Two  thermometers  are  pro- 
vided with  the  apparatus,  the  one  for  ascertaining  the  tempe- 
rature of  the  bath,  the  other  for  determining  the  flashing  point. 

The  thermometer  for  ascertaining  the  temperature  of  the 
water  has  a  long  bulb,  and  a  space  at  the  top ;  its  range  is  from 
about  90°  to  190°  F.  The  scale  (in  degrees  of  Fahrenheit)  is 
marked  on  an  ivory  back,  fastened  to  the  tube  in  the  usual 
way.  It  is  fitted  with  a  metal  collar  fitting  the  socket,  and  a 
part  of  the  tube  below  the  scale  should  have  a  length  of  about 
$i  in.,  measured  from  the  lower  end  of  the  scale  to  the  end  of 
the  bulb.  The  thermometer  for  ascertaining  the  temperature 
of  the  oil  is  fitted  with  collar  and  ivory  scale  in  a  similar  manner 
to  the  one  described.  It  has  a  round  bulb,  a  space  at  the  top, 
and  ranges  from  about  50°  to  150°  F.  It  measures  from  end 
of  ivory  back  to  bulb  2^  in. 

Note. — A  model  apparatus  is  deposited  at  the  Weights  and 
Measures  Department  of  the  Board  of  Trade. 
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Direotions  for  Applying  the  Mashing  Teat.— (i)  The 
test  apparatus  is  to  be  placed  for  use  in  a  position  where  it  is 
not  exposed  to  currents  of  air  or  draught. 

(3)  The  test  lamp  is  prepared  for  use  by  fitting  it  with  a 
piece  of  flat-plaited  candle  wick,  and  filling  it  with  colza  or 
rape  oil  to  the  lower  edge  of  the  opening  of  the  spout  or 
wick  tube.  The  lamp  is  trimmed  so  that  when  lighted  it  gives 
a  flame  of  about  0*15  of  an  inch  in  diameter,  and  this  size  of 
flame,  which  is  represented  by  the  projecting  white  bead  on  the 
cover  of  the  oil  cup,  is  readily  maintained  by  simple  manipula- 
tion from  time  to  time  with  a  small  wire  trimmer.  When  gas  is 
available  it  may  be  conveniently  used  in  place  of  the  little  oil 
lamp,  and  for  this  purpose  a  test  flame  arrangement  for  use 
with  gas  may  be  substituted  for  the  lamp. 

(2)  The  heating  vessel  or  water  bath  is  filled  by  pouring 
water  into  the  funnel  until  it  begins  to  flow  out  at  the  spout  of 
the  vessel.  The  temperature  of  the  water  at  the  commence- 
ment of  the  test  is  to  be  about  130^  F.,  and  this  is  attained  in 
the  first  instance  either  by  mixing  hot  and  cold  water  in  the 
bath,  or  in  a  vessel  firom  which  the  bath  is  filled  until  the 
thermometer  which  is  provided  for  testing  the  temperature  of 
the  water  gives  the  proper  indication ;  or  by  heating  the  water 
with  the  spirit  lamp  (which  is  attached  to  the  stand  of  the 
apparatus)  until  the  required  temperature  is  indicated.  If  the 
water  has  been  heated  too  highly,  it  is  easily  reduced  to  130°  F. 
by  pouring  in  cold  water  little  by  little  (to  replace  a  portion  of 
the  warm  water)  until  the  thermometer  gives  the  proper  read- 
ing. When  the  test  has  been  completed,  this  water-bath  is 
again  raised  to  130^  F.  by  placing  the  lamp  underneath,  and 
the  result  is  readily  obtained  while  the  petroleum  cup  is  being 
emptied,  cooled,  and  refilled  with  a  fresh  sample  to  be  tested. 
The  lamp  is  then  turned  on  its  swivel  from  under  the  apparatus, 
and  the  next  test  is  proceeded  with. 

(4)  The  bath  having  been  raised  to  the  proper  temperature, 
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the  oil  to  be  tested  is  introduced  into  the  pretroleum  cup,  being 
poured  in  slowly  until  the  level  of  the  liquid  just  reaches  the 
point  of  the  gauge  which  is  fixed  in  the  cup.  In  warm  weather 
the  temperature  of  the  room  in  which  the  samples  to  be  tested 
have  been  kept  should  be  observed  in  the  first  instance,  and  if  it 
exceeds  65^  F.  the  samples  to  be  tested  should  be  cooled  down 
(to  about  60^  F.)  by  immersing  the  bottles  containing  them  in 
cold  water,  or  by  any  other  convenient  method.  The  lid  of  the 
cup  with  the  slide  closed  is  then  put  on,  and  the  cup  is  placed 
into  the  bath  or  heating  vessel.  The  thermometer  in  the  lid  of 
the  cup  has  been  adjusted  so  as  to  have  its  bulb  just  immersed  in 
the  liquid,  and  its  position  is  not  under  any  circumstances  to 
be  altered.  When  the  cup  has  been  placed  in  the  proper  posi« 
tion,  the  scale  of  the  thermometer  faces  the  operator. 

(5)  The  test  lamp  is  then  placed  in  position  upon  the  lid  of 
the  cup;  the  head  line  or  pendulum,  which  has  been  fixed  in  a 
convenient  position  in  front  of  the  operator,  is  set  in  motion; 
and  the  rise  of  the  thermometer  in  the  petroleum  cup  is 
watched.  When  the  temperature  has  reached  about  60°  F,, 
the  operation  of  testing  is  to  be  commenced,  the  test  flame 
being  applied  once  for  every  rise  of  1°  F.  in  the  following 
manner : — 

The  slide  is  slowly  drawn  open  while  the  pendulum  performs 
three  oscillations,  and  is  closed  during  the  fourth  oscillation. 

Note, — If  it  is  desired  to  employ  the  test  apparatus  to  deter- 
mine the  flashing  points  of  oils  of  very  low  volatility,  the  mode 
of  proceeding  is  to  be  modified  as  follows : — 

The  air  chamber  which  surrounds  the  cup  is  filled  with  cold 
water  to  a  depth  of  i^  in.,  and  the  heating  vessel  or  watei 
bath  is  filled  as  usual,  but  also  with  cold  water.  The  lamp  is 
then  placed  under  the  apparatus  and  kept  there  during  the 
entire  operation.  If  a  very  heavy  oil  is  being  dealt  with,  the 
operation  may  be  commenced  with  water  previously  heated  to 
120^  F.,  instead  of  with  cold  water. 
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Fensky-Uarten's  Flasb-point  Apparatus. — This  appa- 
ratus, which  is  designed  for  the  testing  of  heavy  oils,  consists 
of  an  oil  cup  with  cover  fitted  with  thennometer  and  stirrer, 
and  an  air  bath.  The  bath  may  be  heated  by  a  gas  flame  or 
spirit  lamp,  and  the  slow  and  regular  heating  of  the  oil  is 
ensured  by  the  jacket  of  air  that  surrounds  the  cup. 

The  determination  of  the  flashing  point  is  effected  by  ro- 
tating the  vertical  spindle  by  means  of  the  milled  head  (a), 
vide  Fig.  61,  whereby  the  sliding  cover  is  opened,  and  simul- 
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taneotislya  small  flame  burning  at  the  movable  jet  is  brought 
to  the  opening. 

This  is  repeated  at  intervals  during  the  rise  of  temperature 
until  a  flash  occurs  in  the  space  above  the  oil,  and  the 
temperature  at  which  this  occurs  is  the  flashing  point. 

The  cup  is  filled  to  the  ring  inside  with  the  oil  to  be  tested. 
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and  the  cover  placed  in  position  so  that  the  test-jet  is  not 
above  either  of  the  two  hooks  on  the  collar  of  the  cup.  The 
cup  is  then  placed  in  the  bath  by  means  of  the  fork  provided 
for  that  purpose,  which  ensures  steadiness  of  movement,  and 
prevents  the  walls  of  the  cup  becoming  oily  above  the  proper 
level.  The  thermometer  having  been  inserted  in  the  socket  in 
the  cover,  the  gas  burner  is  lighted  beneath  the  wire  gauze 
screen,  and  the  rate  of  heating  so  adjusted  that  the  tem- 
perature of  the  oil  under  examination  rises  lo*'  F.  in  each 
minute.  The  gas  test-jet  is  then  lighted,  and  is  regulated  by 
means  of  the  screw  valve  until  the  flame  is  of  the  size  of  a 
small  pea.  During  the  heating  of  the  oil  the  stirrer  is  used 
from  time  to  time.  At  each  rise  of  1°  ot  the  thermometer, 
the  test  flame  is  applied  by  rotating  the  spindle  until  the 
flashing  point  is  reached,  the  use  of  the  stirrer  being  intermitted 
while  this  is  done. 

If  the  flashing  point  of  the  oil  brought  under  test  is  known, 

approximately,  the  rate  of  heating  may  at  first  be  accelerated 

by  using  a  larger  flame  and  by  removing  the  wire  gauze,  but 

the  rate  must  be  adjusted  to  10°  F.  per  minute  at  least  20® 

'  below  the  flashing  point. 

As  traces  of  the  more  volatile  hydrocarbons  considerably 
reduce  the  flashing  point,  it  is  essential  that  the  apparatus 
during  use  should  be  kept  free  from  such.  It  is  also  necessary 
to  keep  the  oil  cup  perfectly  dry,  as  traces  of  moisture  interfere 
with  the  production  of  the  flash.  Care  must,  therefore,  be 
taken  that  the  oil  is  free  from  water  before  testing. 

If  the  heating  agent  is  gas  the  test-flame  is  also  gas,  but 
where  gas  is  not  available  the  test-flame  is  fed  with  rape  or 
mineral  oil.  The  oil  flame  is  regulated  by  adjusting  the  wick, 
the  gas-jet  by  a  regulating  screw. 

Fractional  Distillation. — In  addition  to  obtaining  the 
specific  gravity  and  flashing  points  of  mineral  burning  oils,  the 
amount  of  distillates,  with  their  specific  gravities  on  fractional 
distillation,  would  be  a  valuable  means  of  judging  their  qualities. 
They  should  yield  a  comparatively  small  quantity  of  distillate 
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below  150^  C.y  and  a  small  percentage  of  heavy  oils  as  a 
residuum  at  300^  C.  A  good  method  for  the  fractional  distil- 
lation of  burning  oils  is  that  recommended  by  Biel: — 250  grms. 
of  the  oil  are  weighed  into  a  500  cc.  flask  which  is  covered 
with  brass  wire  gauze  to  maintain  an  even  temperature.  It  is 
connected  to  a  Glinsky's  dephlegmator  and  a  Liebig's  con- 
denser. A  thermometer  is  fixed  in  the  dephlegmator,  the  bulb 
of  which  is  to  be  on  a  level  with  the  exit  tube.  A  small  flame 
is  lighted  under  the  flask,  and  the  distillate  up  to  150°  C.  is 
collected  in  a  weighed  receiver  and  weighed.  A  second 
weighed  receiver  is  replaced  on  the  condensing  tube  and  the 
flame  enlarged,  and  the  heating  continued  until  practically  all 
has  distilled  up  to  a  temperature  of  270^  C,  which  is  weighed. 
The  difference  between  the  weights  and  the  250  grms.  taken, 
may  be  considered  the  "  tailings  "  or  heavy  oils  left  in  the 
retort  at  270°  C. 

Biel  obtained  the  following  results  by  the  above  process  with 
different  Russian  burning  oils: — 


Kerosene. 

Pyronapfathau 

A.             B. 

c. 

D. 

E. 

Specific  Gravitv   . 
Flash  Point  *C.  . 
Light  Oil  (below  150**) 
Normal  Oils  { 1 50®  to  2  70°)    . 
Heavy  Oils  (tailings)    . 

•820 

92-0°/^ 

7 -270 

•820 

io-o7o 

76-s7o 
i3-S7o 

•83s 

445 

63-S7o 
30-57o 

•857 

oo7o 

44-S7o 
55-57o 

•867 
940 
007^ 

30s  7o 

^•S7o 

The  following  results  were  obtained  by  Biel  with  American 
and  Russian  burning  oils : — 
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American. 

Baku. 

No.  I.         No.  2. 

No.  X. 

No.  2. 

Specific  Gravity 

FJash  Point  *C. 

Light  Oil  (below  150^  C.)  . 

Normal  Oils  (150°  to  270°  C.)    . 

Heavy  Oils  (tailings)  . 

•795 
26 

14-4  7o 
45-9  7o 

39-7% 

•783 
48 

2-2  °/, 

87-8  7o 
100% 

•803 
26 

33-5  7o 
6'>-5  7o 

•  • 

•822 

30 

12-8  °/„ 

8-4  "/c 

The  following  table  by  Redwood  *  shows  the  distinctive  differ- 
ences between  Russian  and  American  burning  oils  (kerosene). 
Nine  fractions  of  10  per  cent,  each  were  distilled  off,  and 
their  respective  specific  gravities  taken  at  15°  C,  and  also  the 
10  per  cent,  of  residuum  left  in  the  retort : — 


Original 

Sample. 

1st  fraction 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

99" 

9th 

loth 

Russian  Kerosene.      American  Kerosene. 
Specific  gravity  '822.     Specific  gravity  '803. 


(residue) 


•783 
•796 

•803 

•814 

•827 

•831 
•837 
•838 
•846 
•864 


•748 
•759 
•778 
•792 
•802 
•812 

*822 
•831 
•838 

•849 


In  judging  the  quality  of  various  burning  oils  for  lighting 
railway  carriages,  &c.,  it  would  be  wise  to  make  a  practical 
test  under  the  same  conditions  as  in  actual  use,  noting : — 

(i)  The  intensity  of  light  at  start ; 

(2)  The  intensity  of  light  towards  the  end  ; 

(3)  The  consumption  of  oil  per  hour ; 

(4)  The  condition  of  wick  at  finish  ; 

comparing  with  what  is  considered  a  standard  oil  under  the 
$ame  conditions. 

♦  your,  Soc.  Chem.  /nd»,w.,  76. 


268 


OILS. 


Comparative  Cost  of  Petroleum  as  an  Illuminant. 

The  following  table  by  Redwood,  shows  the  comparative 
cost  of  a  given  amount  of  light  from  petroleum  oil,  colza  oil,  and 
coal  gas,  equal  to  that  of  a  standard  sperm  candle,  burning  at 
the  rate  of  120  grains  per  hour  for  1,000  hours  : — 

Cost  of  i,cxx)  Candlk  Hours. 


From  Petroleum  Oil. 

Fn 
Pri 

)m  Colza  Oil. 

From  Coal  Gas. 

Price  per  g^allon. 

ce  per  gallon. 

Price  per  i,ooo  cubic  ft. 

d. 
9 

s.  d. 
I   0 

s.  d. 
I   3 

s.  d. 
I   6 

s.  d. 
3  0 

s.  d. 
3  6 

s  d. 
4  0 

s.  d. 
3  0 

s.  d. 
3  6 

s.  d. 
4  0 

d. 
7i 

d. 
9J 

d. 

s.  d. 
I   3 

s,  d. 
2  4 

s.  d. 
2  8 

s.  d. 
3  0} 

s.  d. 
'   3 

s.  d. 

I  si 

s.  d. 
I   8 

From  the  above  figures  it  will  be  seen  that,  taking  petroleum 
at  IS.  per  gallon  and  coal  gas  at  3s.  6d.  per  1,000  cubic  feet,  a 
given  amount  of  light  from  the  latter  costs  about  twice  as  much 
as  the  former ;  and  taking  colza  oil  at  3s.  6d.  per  gallon  and 
petroleum  oil  at  is.  per  gallon,  it  will  be  seen  that  petroleum 
has  the  advantage  threefold  for  a  given  amount  of  light. 

Reporting  upon  the  relative  cost  and  efficiency  of  electricity, 
gas,  and  oil  as  illuminants,  the  Trinity  House  Committee  con- 
clude, that  "  for  all  practical  purposes,  gas  and  oil  are  equal," 
and  that,  **for  the  ordinary  necessities  of  lighthouse  illu- 
mination, mineral  oil  is  the  most  suitable  and  economical 
illuminant.'' 


The  Storage  of  Petroleum. 

Owing  to  the  high  degree  of  inflammability  of  petroleum 
oils,  it  is  of  importance  that  great  care  should  be  exercised  in 
their  storage.  The  foUov/ing  are  some  of  the  best  means  of 
safely  storing  petroleum  -. — 
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(i)  The  oil  to  be  kept  in  metallic  tanks,  sunk  some  distance 
into  the  ground,  from  which  quantities  can  be  drawn  as  required 
with  the  aid  of  a  hand  pump. 

(2)  If  the  ordinary  wooden  barrels  be  desired  to  be  kept 
intact,  they  should  be  kept  in  isolated  warehouses  of  one  storey 
only,  built  of  uninflammable  materials. 

(3)  Weights  are  attached  to  the  ordinary  barrels,  which  are 
then  sunk  in  water. 

(4)  A  convenient  mode  of  storing  inflammable  oils,  is  to 
place  a  vessel  similar  to  a  gasholder,  mouth  downwards  into  a 
large  tank  filled  with  water,  in  which  the  oil  can  thus  be 
stored  over  the  water,  from  which  quantities  can  be  drawn  as 
required. 

Notes  on  fhe  Construction  of  Petroleum  Lamps. — ^The 
Metropolitan  Board  of  Works  (now  London  County  Council) 
have  issued  the  following  instructions  as  to  the  construction  and 
management  of  ordinary  mineral-oil  lamps  : — 

(A)  Lamps. 

(i)  That  portion  of  the  wick  which  is  in  the  oil  reservoir 
should  be  enclosed  in  a  tube  of  thin  sheet-metal,  open  at  the 
bottom,  or  in  a  cylinder  of  fine  wire  gauze,  such  as  is  used  in 
miners'  safety-lamps  (28  meshes  to  the  inch). 

(2)  The  oil  reservoir  should  be  of  metal  rather  than  china  or 
glass. 

(3)  The  oil  reservoir  should  have  no  feeding-place  or  open- 
ing, other  than  the  opening  into  which  the  upper  part  of  the 
lamp  is  screwed. 

(4)  Every  lamp  should  have  a  proper  extinguishing  appa- 
ratus. 

(5)  Every  lamp  should  have  a  broad  and  heavy  base. 

(B)  Wicks. 

(i)  Should  be  soft,  and  not  tightly  plaited. 

(2)  Should  be  dried  at  the  fire  before  being  put  into  lamps. 


270  OILS. 

(3)  Should  be  only  just  long  enough  to  reach  the  bottom  of 
the  oil  reservoir. 

(4)  Should  be  so  wide  that  they  quite  fill  the  wick-holder 
witliout  having  to  be  squeezed  into  it. 

(C)  Management. 

(i)  The  reservoir  should  be  quite  filled  with  oil  every  time 
before  using  the  lamp. 

(2)  The  lamp  should  be  kept  thoroughly  clean.  All  oil 
should  be  carefully  wiped  off,  and  all  charred  wick  and  dirt  be 
removed,  before  lighting. 

(3)  When  the  lamp  is  lit,  the  wick  should  be  first  turned 
down  and  then  slowly  raised. 

(4)  Lamps  which  have  no  extinguishing  apparatus  should  be 
put  out  as  follows  :— The  wick  should  be  turned  down  until 
there  is  only  a  small  flickering  flame,  and  a  sharp  puffof  breatli 
should  then  be  sent  across  the  top  of  the  chimney  but  not 
down  it. 

(5)  Cans  or  bottles  used  for  oil  should  be  free  from  water 
and  dirt,  and  should  be  kept  thoroughly  closed. 

Instmotions  for  the  XTse  of  the  Bedwood  Apparatus 
for  Detecting  Inflammable  Vapours  on  Board 
Petroleum  Tank  Steamshipa* 

The  complete  appliances  are  shown  in  the  illustrations 
below — Figs.  62  to  64.  They  consist  of  the  lamp  A,  the 
reservoir  of  compressed  hydrogen  B,  and  the  sampling  vessel 
C,  in  which  the  sample  of  air  for  examination  is  collected. 
The  lamp  is  shown  in  section  in  Figs.  62  to  64.  A  is 
the  hydrogen  inlet  tube  with  the  regulating  valve  B,  and 
C  is  the  hydrogen  jet.  D  is  the  inlet  tube,  for  the  sample 
of  atmosphere  to  be  tested.  The  bore  of  this  tube  is  greatly 
contracted,  and  immediately  above  the  point  at  which  this 
tube  enters  the  base  of  the  lamp  is  an  arrangement  of  baffles, 

•  Vide  Proc.  Inst.  Civil  Engineers,  Vol.  cxvi.,  Part  ii. 
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surmounted  by  three  disks  of  wire  gauze  of  at  least  28  wires 
per  lineal  inch,  or  not  less  than  784  openings  per  square 
inch,  the  flow  of  the  gaseous  mixture  to  the  flame  being  thus 
regulated,  and  passage  of  flame  into  the  collecting  vessel  being 
prevented.  The  chimney  E  fits  air-tight  at  the  base,  but  is 
capable  of  vertical  movement  on  an  inner  tube,  the  front  of 
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which  is  removed.  The  chimney  is  partly  ol  metal  and  partly 
of  glass,  the  metallic  portion  being  blackened  inside,  and  on 
the  glass  window  lines  corresponding  with  various  heights  of 
flame  caps  may  be  marked.  The  top  of  the  hydrogen  jet  tube 
is  10  millimetres  (o'4  inch)  below  the  bottom  of  the  window. 
Attached  to  the  base  of  the  lamp  is  a  telescopic  support  for  a 
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doth,  which  envelops  the  head  of  the  observer  and  excludes 
light  when  the  testing  apparatus  is  used  in  an  undarkened 
Toom.  The  construction  of  the  collecting  vessel  is  shown  in 
section  in  Fig.  65.  A  is  the 
compression  pump,  which  is 
furnished  with  a  metallic 
spring  piston,  fitting  the 
pump  cylinder  without  the 
use  of  leather  or  other  ma- 
terial, and  lubricated  with 
plumbago.  Surrounding  the 
pump  is  an  annular  space, 
in  which  the  sample  of  atmo- 
sphere is  stored.  B  is  a  collar 
to  which  may  be  attached  a 
flexible  suction  tube  of  any 
desired  length.  C  is  a  cock, 
to  which  is  attached  a  copper 
tube  conveying  the  sample  to 
the  test  lamp.  The  bore  of 
this  cock  is  very  much  re- 
duced. D  is  a  pressure 
gauge,  and  £  a  spring  valve 
lifting  at  30  lbs.  pressure. 
F  F  are  hinged  brackets,  on 
which  the  feet  of  the  operator 
are  placed  while  the  pump  is 
being  worked.  G  is  a  handle, 
by  which  the  cylinder  can  be 
conveniently  carried.  The 
capadtyofthepumpis  i4'S4 
*  cubic    inches,   and    of   the 

fta.  65-  annular  space  r69'i4  cubic 

inches,  thirty  double  Strokes 
of  the  pump  being  required  to  charge  the  vessel  to  a  pressure 
of  30  lbs.  per  square  inch,  when  it  will  contain  ^  cubic  foot  of 
the  atmosphere  sampled. 
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In  the  use  of  the  apparatus,  the  first  step  is  to  connect  the 
hydrogen  cylinder  with  the  lamp,  taking  care  that  the  unions 
are  screwed  up  gas-tight  The  sliding  chimney  of  the  lamp 
being  raised  about  half  way,  the  gas  is  then  cautiously  turned 
on  at  the  cylinder,  the  regulating  valve  on  the  lamp  being  left 
open,  and  a  light  is  applied  to  the  hydrogen  jet  The  valve  on 
the  hydrogen  cylinder  is  then  adjusted  so  as  to  give  a  flame 
rather  more  than  ro  millimetres  (0-4  inch)  in  length,  and  the 
lamp  chimney  pushed  down  until  there  is  an  opening  of  only 
about  i  inch  in  height  at  the  bottom.    This  opening  is  left 


for  the  supply  of  air  to  the  hydrogen  flame  during  the  few 
minutes  occupied  in  the  warming  of  the  chimney. 

As  soon  as  the  moisture  which  at  first  condensed  upon  the 
cold  glass  has  evaporated,  the  lamp  is  ready  for  use,  and  assum- 
ing the  collecting  vessel  to  have  been  already  charged  with  the 
sample  to  be  tested,  and  connected  with  the  lamp  (see  Fig.  66)1 
all  that  remains  is  to  completely  close  the  sliding  chimney  of 
the  lamp,  adjust  the  hydrogen  flame  by  means  of  the  regulating 
valve  on  the  lamp,  so  that  the  tip  of  the  flame  is  only  just 
hidden  when  the  eye  of  the  observer  is  on  a  level  with  the 
bottom  of  the  window,  place  his  head  under  a  cloth,  such  as 
used  by  photographers,  so  as  to  exclude  light,  and  as  soon 
as  his  eyes  have  become  sufficiently  sensitive,  turn  on  the  tap 
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of  the  collecting  cylinder,  and  carefully  observe  what  takes 
place  in  the  lamp  chimney.  The  tap  may  at  once  be  turned 
on  fully,  as  the  contraction  of  the  outlet  and  inlet  orifices, 
already  referred  to,  prevents  the  sudden  rushing  out  of  the 
contents  of  the  cylinder,  and  the  sample  will  be  gradually 
delivered  into  the  test  lamp  during  a  period  of  more  than  two 
minutes,  which  is  ample  time  for  noting  the  effect 

The  rate  of  delivery,  of  course,  gradually  diminishes,  but  this 
is  not  found  to  be  attended  with  any  inconvenience,  the  con- 
ditions being  the  same  in  each  experiment.  In  this  way  a 
proportion  of  vapour,  considerably  below  that  which  is  required 
even  for  the  production  of  an  inflammable  mixture,  and  still 
lower  than  that  which  is  needed  to  give  an  explosive 
atmosphere,  may  be  detected  by  the  formation  of  a  flame  cap 
of  greyish-blue  colour,  which,  though  faint,  is  nevertheless 
easily  seen,  especially  after  a  little  practice.  With  an  increase 
in  the  quantity  of  vapour,  the  flame  cap  first  becomes  much 
better  defined,  though  it  is  not  greatly  augmented  in  size,  and 
then  considerable  enlargement  of  the  cap  occurs,  this  condition 
being  arrived  at  before  the  atmosphere  becomes  inflammable. 

The  Petroleiun  Aot,  1879.— The  text  of  this  Act  will  be 
found  in  the  Appendix  (p.  394). 

Oils  for  Various  Purposes. 
Gas  Oils. 

Oils  obtained  from  crude  petroleum  and  bituminous  shale 
oil  are  now  largely  used  in  the  manufacture  of  gas  for  the 
lighting  of  railway  carriages,  &c.  The  great  point  in  the  selec- 
tion of  oils  for  this  purpose,  is  to  ensure  uniformity  of  supplies, 
when  once  the  right  kind  of  oil  has  been  decided  upon  that  is 
suited  to  the  plant  used. 

The  following  is  the  specification  of  the  Great  Eastern  Rail- 
way Company  for  shale  gas  oil,  for  use  with  their  Pintsch 
apparatus : — 

"  The  specific  gravity  to  be  not  less  than  '855  at   60®  F, 
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(=  15*5°  C).  When  subjected  to  fractional  distillation,  free 
ebullition  is  to  commence  at  a  temperature  of  about  550^  F.  (= 
287*8°  C),  and  the  first  tenth  by  volume  of  the  distillate  is 
not  to  exceed  '840  sp.  gr.  at  60°  F.  (=  15*5°  C).  The  suc- 
ceeding tenths  by  volume  of  distillates  are  to  exhibit  a  fairly 
uniform  rate  of  increase  in  density,  and  the  specific  gravity  of 
the  tenth  or  final  fraction,  is  not  to  exceed  *88o  at  60°  F. 
(=  15-5°  C)." 

The  following  results  were  obtained  for  three  samples  of 
shale  gas  oil  supplied  by  three  different  firms,  in  response  to 
inquiries  for  quotations  for  gas  oil  on  the  basis  of  the  above 
specification: — 


Ncx. 

•869 


No.  a. 

•847 


Specific  gravity  at  15*5^  C.     , 

Commencement  of  free  ebullition  .  287-8*0.        287 * 8°  C. 


No.  3. 

•887 
(above) 
287-8«  C. 


Results  of  Distillaiions : — Specific  gravity   of  fractions  at 
iS'5°  C. 


No.  of  fraction. 

No.  I. 

No.  a. 

No.  3 

I 

•843 

'830 

•863 

2 

•84s 

•834 

•868 

3 

•848 

•837 

•869 

4 

•859 

•838 

•875 

5 

•861 

•841 

•878 

6 

•866 

•843 

•880 

7 

•871 

•847 

•88s 

8 

•878 

•851 

•889 

9 

•879 

•856 

•893 

10 

•880 

•874 

•906 

The  following  are  some  interesting  results  obtained  by  Dr. 
Macadam  on  experimenting  with  Pintsch's  and  Keiih's  appa- 


ratus : — 
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Blue  Paraffin  Oil  Used. 


Specific  gravity  of  oil  . 
Flashing  point  .  .  . 
Firing  point  .... 
Gas    per    gallon,  cubic 

feet 

Ill  iminating  power  .  . 
Volume  ot  oil  flowing 

into  each  retort   per 

hour 

Gas  per  retort  per  hour. 
Heavy  hydrocarbons  per 

cent 

Gas  per  ton  (cubic  feet) 


Pint8ch*s  Apparatus. 

Keith's  Apparatus. 

A 

B 

Aver- 
age. 

A 

874-1 
292° 

348° 

B 

Avcr- 
age. 

877-6 
296° 

356° 

878-2 

294° 
352° 

877-9 
295" 

354° 

877-6 
286° 

346° 

875-9 
289° 

34i° 

907 
62-5 

1034 

59-1 

97 
60-8 

85 
63-2 

84-8 

595 

849 
61-4 

1-4 
126-8 

1-18 
122-5 

1-29 
124-6 

2-3 
197-S 

1-3 
111-9 

1-8 
1547 

39-2 
23,128 

37-1 
26,356 

38-2 

24,742 

39-9 
21,772 

382 
21,671 

39-0 
21,721 

Oil  of  Turpentine  (C10H16). 

Pure  oil  of  turpentine  is  obtained  by  distilling  the  oleo- 
resinous  juice  got  from  the  bark,  &c.,  of  pine  and  fir  trees,  &c., 
and  which  yields  from  10  to  30  per  cent,  of  turps,  leaving  a 
residuum  of  resin  or  colophony. 

American  oil  of  turpentine  has  a  specific  gravity  of  •864  to 
'870,  and  commences  to  boil  at  about  155^  C,  and  on  distilla- 
tion it  completely  passes  over  below  180°  C. 

Turpentine  is  often  largely  adulterated  with  petroleum  pro- 
ducts or  "  turpentine  substitutes." 

The  writer  recently  examined  a  sample  of  supposed  genuine 
turpentine,  and  found  it  to  be  wholly  American  kerosene.  A 
good  practical  test  of  the  drying  properties  of  turpentine, 
is  to  drop  a  little  of  the  sample  on  a  piece  of  writing 
paper  and  allow  it  to  evaporate  at  the  ordinary  tempera- 
ture ;  genuine  turpentine  completely  evaporates  in  a  short 
time  without  leaving  a  trace  of  a  greasy  stain,  while  if  kerosene, 
&c.,  be  present,  a  more  or  less  permanent  greasy  stain  will  be 
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produced  which,  on  gently  heating,  will  give  an  odour  charac- 
teristic of  its  nature. 

In  making  an  assay  of  a  sample  of  turpentine,  the  following 
are  the  most  important  points  to  be  ascertained  : — 

(i)  The  Specific  Gravity, — Genuine  turpentine  should  have  a 
specific  gravity  of  '864  to  '870  ;  if  it  is  much  lower  than  this,  it 
is  almost  sure  to  contain  foreign  hydrocarbons. 

Resin  spirit  has  a  sp.  gr.  of  '856  to  *88o. 
Shale  naphtha  .  .  *7oo  „  '750. 
Coal  tar  solvent  naphtha  *86o  ,,  '876. 
Peiroleum  naphtha  .        700  „  745. 

(2)  The  Flashing  Point. — American  oil  of  turpentine  flashes 
at  about  34°  C,  and  if  any  petroleum  spirit  or  naphtha  be 
present  it  would  be  considerably  lower. 

(3)  The  Boiling  Point. — The  range  of  the  boiling  point  of 
genuine  turps  would  be  from  155°  to  180*^  C. ;  while  if  petro- 
leum products  were  present,  the  range  would  be  considerably 
higher. 

(4)  Distillation, — Distil  100  cc.  of  the  sample  in  a  150  cc. 
retort,  to  180°  C.,and  collect  the  distillate  in  a  graduated  tube. 
With  good  turps  at  least  97  per  cent,  should  come  over  at  this 
temperature,  and  the  residue  in  the  retort  would  be  oxidized 
products  of  the  turpentine ;  if  there  is  any  considerable  resi- 
due left  in  the  retort  at  this  temperature,  it  points  to  adul- 
teration with  hydrocarbon  of  higher  boiling  point.  Obtain  its 
specific  gravity  with  a  Sprengel  tube.  By  distillation  in  a 
current  of  steam  pure  turps  leave  a  small  residue  of  about  0*5 
per  cent. ;  genuine  old  samples,  however,  leave  as  much  as  2 
per  cent,  residue,  owing  to  the  turpentine  having  absorbed 
atmospheric  oxygen,  forming  resinous  substances.  If  any 
petroleum  is  present  it  is  unvolatilized,  and  may  be  recognised 
by  its  low  specific  gravity  as  compared  with  that  of  turpentine. 

For  the  determination  of  petroleum  in  turpentine  the  follow- 
ing method*  will  be  found  to  give  fair  results : — 

A  balloon  flask  of  750  cc.  capacity  is  fitted  with  a  two-hole 

♦  Vide  Oil  and  CoUmrmarCs  Jovrmd^  Dec,  i8go. 
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cork  stopper.  Through  one  hole  is  inserted  the  tube  of  a 
glass-stoppered  drop  funnel,  having  a  capacity  of  loo  cc.  The 
flask  is  also  connected  with  an  inverted  condenser.  About 
300  cc.  fuming  nitric  acid  of  sp.  gr.  1*4  are  placed  in 
the  flask,  and  100  cc.  of  the  turpentine  to  be  tested  are 
measured  into  the  drop  funnel.  The  flask  is  surrounded  by 
cold  water,  and  the  turpentine  is  allowed  to  drop  slowly  into 
the  nitric  acid.  As  each  drop  strikes  the  acid  violent  action 
takes  place,  with  evolution  of  red  fumes.  It  is  well  to  shake 
the  flask  occasionally  during  the  operation.  When  the  tur- 
pentine has  all  passed  into  the  flask,  the  apparatus  is  allowed 
to  stand  until  all  action  is  over.  The  contents  of  the  flask  are 
transferred  to  a  large  separating  funnel,  and  treated  with  suc- 
cessive portions  of  hot  water.  In  this  way  all  the  products 
resulting  from  the  action  of  the  acid  on  the  terpenes  are 
removed,  while  any  petroleum  paraflins  remain  insoluble  in 
water,  and  can  readily  be  separated  and  measured. 

Having  procured  some  turpentine  known  to  be  free  from 
petroleum,  mixtures  of  the  pure  turpentine  with  samples  of 
refined  petroleum  of  various  boiling  points  were  prepared. 

In  order  that  judgment  in  experimenting  might  not  be 
influenced  by  knowing  the  quantities  of  material  used,  the  pro- 
portions employed  in  the  mixtures  were  withheld  from  the 
operator. 

Ten  mixtures  were  analysed,  with  the  following  results : — 


Pure  tuiiieii* 
tine  used. 

Petroleum 
used. 

Boiling  point  of 
Petroleum. 

Petroleum  found 

by  method 

described. 

cc. 

cc. 

deg. 

cc. 

65 

35 

about  250 

341 

80 

20 

250 

18*9 

70 

30 

200 

29 

80 

20 

200 

18-5 

90 

10 

200 

8-9 

80 

20- 

100 

178 

70 

30 

100 

284 

85 

«5 

100 

135 

80 

20 

75 

17-9 

70 

30 

75 

28 
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It  will  be  noticed  that  the  sum  of  the  amounts  of  petroleum 
and  turpentine  used  would  be  100  cc.  in  each  case,  so  that 
the  number  of  cubic  centimetres  of  petroleum  found  would 
also  express  the  percentage  of  adulterant.  It  appears  from 
the  above  results  that '  the  petroleum  fractions,  which  boil  at 
about  250^,  are  least  affected  by  the  fuming  nitric  acid,  while  the 
low-boiling  fractions  are  affected  the  most. 

But  in  order  to  keep  the  specific  gravity  of  the  turpentine 
where  it  should  be,  the  higher  boiling  petroleum  fractions  must 
be  used  in  the  adulteration — a  fact  which  is  favourable  for  the 
application  of  this  method  in  the  analysis  of  such  mixtures. 

Rape  Oil. 

I^ap^  oil  or  Coiza  oil  is  obtained  from  the  seeds  of  various 
species  of  Brassica,  chiefly  those  of  B,  campesiris  and  B, 
napus.  The  principal  applications  of  rape  oil  are  for  illumi- 
nating purposes,  lubrication,  and  in  the  manufacture  of  india- 
rubber.  It  has  a  brownish-green  or  yellowish-brown  colour, 
and  a  characteristic  odour.  The  specific  gravity  of  genuine 
rape  oil  ranges  between  '913  and  '916  at  15*5°  C. ;  if  the 
density  of  a  sample  of  rape  oil  be  above  '916  it  is  highly  pro- 
bable that  it  is  adulterated  with  oils  of  higher  density  and  less 
value,  such  as  the  drying  oils,  of  cottonseed,  linseed,  sunflower, 
hempseed,  &c.,  whose  specific  gravities  range  between  '920  and 
•937.  When  rape  oil  is  intended  for  lubrication,  the  presence 
of  drying  oils  is  highly  objectionable,  since  they  increase  the 
gumming  properties  of  the  oil.  A  useful  test  for  the  drying  pro- 
perties of  rape  oil,  is  to  expose  a  thin  film  of  the  oil  on  a  glass 
plate  at  a  temperature  of  loo^C.for  twenty-four  hours  by  the  side 
of  a  sample  of  genuine  rape,  frequently  noting  the  condition  of 
the  samples  by  touching  them  with  the  finger.  Genuine  rape 
remains  comparatively  fluid  for  a  few  days  ;  but  if  any  drying 
oil  be  present  it  will  assume  the  consistency  of  a  jelly,  or  in 
some  cases  become  almost  as  hard  as  a  resin.  Another  useful 
test  for  the  drying  properties  of  rape  oil  is  the  Elaiden  test 
described  on  page  279,  under  '*  Various  Tests." 
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The  viscosity  of  the  sample  at  15*5®  C.  is  another  valuable 
point  in  judging  of  its  quality,  50  cc  of  genuine  rape  oil 
taking  about  535  seconds  to  run  out  of  Redwood's  viscosi- 
meter  at  15-5°  C.  See  table  on  page  243.  Maumen^s  tempe- 
rature reaction,  described  on  page  279,  would  be  useful  in  con- 
firming the  presence  of  some  foreign  seed  oils,  the  average 
rise  of  temperature  for  genuine  rape  being  about  60^  C.  by  this 
test. 

In  addition  to  the  above  tests  apply  the  following  : — 
(i)  Ascertain  the  melting  and  congealing  points  of  the  total 
fatty  acids,  as  directed  on  page  254.    The  fatty  acids  of  good 
rape  oil  melt  at  about  20^  C,  and  congeal  at  about  17^  C. 

(2)  Determine  the  percentage  of  free  fatty  acids,  as  described 
on  page  248.  The  proportion  of  free  fatty  acids  in  good  rape 
oil  varies  from  0*5  to  4  per  cent.  Excess  of  free  fatty  acids 
is  undesirable  when  the  oil  is  intended  for  lubrication, 
owing  to  their  action  on  bearings,  &c.,  forming  hard  metal 
soaps ;  and  when  such  an  oil  is  used  for  illuminating  purposes 
it  burns  with  a  smoky  flame  and  chars  the  wick.  If  required 
for  soap-making  the  presence  of  free  fatty  acids  is  less 
objectionable,  since  the  acids  are  neutralized  in  the  process. 

(3)  Test  for  free  mineral  acids.  The  presence  of  free 
mineral  acids  is  very  objectionable,  if  the  oil  is  proposed  to  be 
used  for  lubrication.  Traces  of  free  sulphuric  acid  are  often 
found  in  rape  oils,  owing  to  its  incomplete  elimination  after 
refining. 

(4.)  Test  for  mineral  oils  as  directed  on  page  251. 

Olive  Oil. 

Olive  oii^  salad  oil^  or  sweet  oil  is  obtained  from  the  fruit  of 
the  Olea  Europcea  by  compression,  or  by  extracting  with  bisul- 
phide of  carbon,  in  which  it  is  soluble.  It  should  be  of  a 
greenish-yellow  colour,  without  odour,  and  of  an  agreeable 
taste,  and  non-drying.  Its  principal  uses  are  for  cooking, 
wool-dressing,  lubricating,  medicine,  and  soap  manufacture. 
Its  specific  gravity  ranges  between  '914  and  '918.     At  a  tern- 
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perature  of  o®  C.  it  congeals,  which  on  compression  yields 
one-third  of  its  weight  of  solid  fat  (Palmitin  and  Stearin), 
melting  at  from  20°  to  28®  C. ;  the  two-thirds  of  the  fluid 
portion  (olein),  remain  liquid  at  from  —  4°  to  —  10°  C.  Olive 
oil,  when  long  exposed,  assumes  an  objectionable  rancid 
odour,  owing  to  the  incomplete  elimination  of  mucilaginous 
matters.  In  judging  of  the  quality  of  a  sample  of  olive  oil 
obtain  the  following  points,  as  described  under  their  respective 
heads,  referring  to  the  various  tables  to  see  how  near  to,  or 
how  far  from,  the  genuine  article  it  corresponds  : — 
(i)  Specific  gravity  at  15*5°  C. 

(2)  Temperature  at  which  fat  is  deposited. 

(3)  The  percentage  of  free  fatty  acids  (average  should  be 
5  to  8  per  cent). 

(4)  Maumen^'s  temperature  reaction. 

(5)  Test  for  mineral  oils. 

(6)  Test  for  fish  oils. 

(7)  The  drying  properties,  Elaiden  test, 

(8)  Mineral  acids. 

(9)  The  viscosity  at  15*5®  C 

(10)  The  odour  on  heating. 

(11)  Taste. 

(12)  Acid  tests. 

Linseed  OIL 

This  well-known  and  usefiil  oil  is  obtained  from  the  seeds 
of  the  flax  plant — Linum  usitatissimum — ^principally  grown  in 
India  and  Russia.  It  is  largely  used  for  paints  and  varnishes, 
and  in  the  manufacture  of  oil-cloth,  rick-coveis,  and  soft 
soap.  It  is  used  in  four  states,  according  to  the  purpose 
for  which  it  is  to  be  applied,  viz. : — the  raw,  refined,  artists', 
and  the  boiled  oil.  The  colour  of  the  raw  oil  is  yellowish- 
brown,  and  its  specific  gravity  varies  from  '930  to  '937.  At  a 
temperature  of  —  18^  C.  a  little  fat  separates  out,  and  it  be- 
comes perfectly  congealed  at  —  27°  C  The  most  valuable 
characteristic  of  linseed  oil  is  the  facili^  with  which  it  absorbs 
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atmospheric  oxygen,  with  the  formation  of  a  tough,  resinous- 
looking  substance,  materially  differing  in  properties  from  the 
original  oil.  The  drying  properties  of  linseed  oil  are  increased 
after  it  has  been  heated  to  about  180^  C.,>yith  a  current  of 
air  passing  through,  and  the  heat  continued  until  the  oil  is 
seemingly  in  a  state  of  ebullition  owing  to  the  liberation  of 
decomposition  products.  The  addition  of  drying  agents,  such 
as  sugar  of  lead^  oxide  of  manganese,  litharge,  iron  oxide,  &c., 
during  the  heating,  increases  the  drying  properties  of  the 
finished  or  "  boiled  "  oil,  owing  to  their  acting  as  carriers  of 
oxygen. 

In  judging  of  the  quality  of  a  sample  of  linseed  oil,  its 
drying  property  is  one  of  the  most  important  points  to  be 
determined,  and  may  be  ascertained  by  smearing  a  glass  plate 
with  the  sample,  allowing  it  to  be  exposed  in  a  water  oven,  and 
noting  how  long  it  takes  to  dry,  and  the  nature  of  the  residuum 
left  as  compared  with  that  of  a  standard  sample.  If  it  be 
desired  to  ascertain  if  any  driers  have  been  added,  and  their 
nature,  gradually  ignite  about  50  grms.  of  the  sample  in  a  large 
porcelain  crucible,  and  make  a  qualitative  analysis  of  the 
residue. 

With  regard  to  other  tests  of  its  quality,  apply  diose  given 
under  the  head  of  olive  oil. 

Cottonseed  Oil. 

This  is  a  drying  oil  obtained  from  the  Gossypium  barha- 
dense,  and  is  largely  used  to  adulterate  rape  oil,  olive  oil, 
and  other  oils.  It  is  also  used  in  cooking,  soap-making, 
and  in  the  manufacture  of  butterine.  The  specific  gravity 
of  cottonseed  oil  ranges  from  '922  to  '930,  and  solidifies  at 
from  I®  C  to  4°  C.  The  melting  point  of  the  fatty  acids 
from  cottonseed  oil  is  so  high  as  38°  C.  It  appears  that  cot- 
tonseed oil  is  not  likely  to  be  adulterated  itself,  but  a  know- 
ledge of  the  properties  of  the  oil  is  of  great  importance,  in 
ascertaining  its  presence  in  other  oils.  By  applying  the  tests 
given  under  those  of  olive  oil,  cottonseed  oil  could  be  approxi- 
mately estimated  in  a  mixture. 
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Various  Tests  for  Oils. 

Maumend's  Temperature  Beaction  of  Oils. — The  prin- 
ciple of  this  test  depends  upon  the  fact  that  when  36  E 
sulphuric  acid  is  mixed  with  a  fatty  oil,  decomposition  takes 
place,  with  considerable  rise  in  the  temperature,  which  varies 
with  different  oils.  The  following  is  the  method  of  applying 
the  test : — 50  grms.  of  the  oil  are  weighed  into  a  200  cc.  tall 
beaker,  and  packed  with  cotton  wool  into  a  litre  beaker.  The 
temperature  of  the  oil  is  next  observed,  and  10  cc.  of  36  E 
H8SO4,  at  the  same  temperature,  gradually  run  in  from  a 
pipette  or  burette,  and  should  occupy  about  60  seconds  to 
run  out,  the  oil  being  thoroughly  stirred  with  the  thermometer 
the  whole  time ;  continue  stirring  after  the  addition  of  the  acid, 
and  note  the  highest  temperature  the  thermometer  indicates  ; 
on  subtracting  from,  this,  the  initial  temperature,  the  increase 
in  temperature  will  be  obtained.  The  following  are  the  results 
obtained  by  Maumen6  by  the  above  process  with  various 
oils : — 


Rise  in  Tempera 

ture'C. 

Olive  oil 42 

Almond  oil   • 

.       52-54 

Rape       ff     . 

'       57-58 

Arachis  „     . 

67 

Beechnut  oil 

65 

Sesame      „  . 

68 

Popp3rseed  oil 

•        74 

Hempseed    „ 

98 

Walnut         „ 

101 

Linseed        „        . 

103 

Castor          „ 

'        47 

Tallow          „ 

41-44 

Horsefoot     ,, 

51 

Cod  liver      ,, 

102-103 

Skate  liver  ,, 

• 

1 

102 

Poutet'8  Elal'din  Test. — This  is  a  very  useful  test  for 
detecting  drying  oils  mixed  with  non-drying  oils  and  vice  versA, 
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It  depends  upon  the  formation  of  elaidin  (an  isomeric  modifi- 
cation  of  olein,  and  which  is  solid  at  the  ordinary  temperature) , 
when  a  non-drying  oil  is  subjected  to  the  action  of  nitrous 
acid,  the  drying  oils,  which  consist  largely  of  linolein,  being 
not  so  afifected.  The  following  is  the  manner  in  which  the 
test  is  performed :— Measure  out  50  cc.  of  the  oil  into  a  wide- 
mouthed  stoppered  bottle  of  about  100  cc.  capacity,  and  pour 
on  to  the  oil  a  cc.  of  a  cold  freshly-made  solution  of  nitrate  of 
mercury,  prepared  by  dissolving  13  grms.  of  mercury  in  12  cc. 
of  16  £  nitric  acid,  the  beaker  in  which  it  is  dissolved  being 
kept  in  cold  water  to  retain  nitrous  fumes.  Agitate  the 
mixture,  and  allow  to  stand  in  an  air  bath,  regulated  to  25^  C, 
for  twenty-four  hours,  with  occasional  shaking,  together  with  a 
pure  standard  sample  of  a  similar  oil.  Note  the  length  of  time 
that  solidification  takes  place,  also  the  consistency  of  the  mass 
after  standing  for  the  twenty-four  hours.  The  drying  oils,  such 
as  linseed,  hempseed,  &c,,  remain  fluid,  while  the  non-drying 
oils,  such  as  olive,  tallow  oil,  almond,  sperm,  yield  hard  pro- 
ducts ;  and  oils  of  the  intermediate  class,  such  as  rape,  neats- 
foot,  sperm,  cottonseed,  whale,  &c.,  leave  a  mass  more  or  less 
of  the  consistency  of  treacle. 

Sulphuric  Aoid  Test. — ^This  is  the  best  of  the  various 
colour  tests  for  oils  recommended  by  Chateau.  There  are 
various  methods  of  applying  it,  the  most  suitable  being  that 
recommended  by  Allen,*  who  adds  one  or  two  drops  of  36  £ 
H13O4  in  the  centre  of  twenty  drops  of  the  oil,  and  notes  the 
colour  produced  before  and  after  stirring,  when  the  following 
colours  are  produced  with  various  oils  : — 

•  Vide  "  Cornel.  Org.  Analysis,"  vol.  ii.,  p.  59. 
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Vegetable  Otis 
Olive  oil    .     . 

Almond  oil 

Earthnut  oil  . 

Rape  oil  (crude).     . 

„      „  (refined)    . 

Mustard  oil    .    .    . 

Cottonseed  oil  (crude^ 
„        „  (refined) 
Nigerseed  oil .     .     . 

Poppyseed  oil     .     . 

Linseed  oil  (raw) 

„         „  (boiled) 
Castor  oil .     • 

Animal  Oils 
Lard  oil     .    . 

Tallow  oil .  . 

Whale  oil .  . 

Seal  oil      .  . 

Cod  liver  oil  . 

Sperm  oil .  . 

Hydrocarbon  Oils, 

Petroleum  lubricating 

oil. 
Shale  lubricating  oil 

Resin  oil  (brown)    . 

„      „  (pale)  .    . 


One  or  two  drops  of  j6  E  H3SO4  to  twenty  of  the  oil. 


Before  Stirring. 


Yellow,  green,  or  pale 

brown. 
Colourless  or  yellow. 

Greyish  yellow  to  orange. 

Green  with  brown  rings. 

Yellow   with   red    or 

brown  rings. 
Dark  yellow  with  orange 

streaks. 
Very  bright  red. 
Reddish  brown. 
Yellow  with  brown  clot. 

Yellow  spot  with  orange 
streaks. 

Hard  brown  or  greenish- 
brown  clot. 

Hard  brown  clot. 

Yellow  to  pale  brown. 


Greenish  -yellow  or 
brownish  with  brown 
streaks. 

Yellow  spot  with  pink 
streaks. 

Red,  taming  violet. 

Orange  spot  with  pur- 
ple streaks. 

Dark  red  spot  with  pur- 
ple streaks. 

Pure  brown  spot  with 
faint  yellow  ring. 

Brown. 

Dark  reddish  brown. 
Bright  mahogany  brown. 
Mahogany  brown. 


After  Stirring. 


Light  brown  or  olive- 
green. 

Dark  yellow,  olive,  or 
brown. 

Greenish  or  reddish 
brown. 

Bright  green,  turning 
brownish. 

Brown. 

Reddish  brown. 

Dark  red ,  nearly  black . 
Dark  reddish-brown. 
Reddish  or  greenish - 

brown. 
Olive  or  reddish-brown. 

Mottled  dark  brown. 

Mottled  dark  brown. 
Nearly   colourless   or 
pale  brown. 

Mottled  or  dirty  brown. 


Orange  red. 

Brownish-red,  turning 
brown  or  black. 

Brownish-red  .changing 
to  mottled  brown. 

Purple,  changing    to 
dark  brown. 

Purple,    changing   to 
reodish  or  dark  brown. 


Dark  brown,  with  blue 

fluorescence. 
Reddish  brown,  with 

blue  fluorescence. 
Dark  brown,  with 

purple  fluorescence. 
Red  brown,  with 

purple  fluorescence. 


282  OILS, 

Massie's  Nitric  Aoid  Colour  Test.— Mix  3  cc.  of  the  oil 
for  two  minutes  with  i  cc.  of  pure  16  E  nitric  acid,  and  observe 
the  colour  of  the  separated  oil.  The  following  are  the  colours 
produced  with  various  oils  by  this  method  : — 

Olive  oil  .         .  .  •  Colourless,  yellow  or  greenish. 

Almond  oil       .  •  •  Colourless  or  slightly  greenish. 

Arachis    „        .  •  .  Reddish. 

Peach-kernel  <  il  •  •  Immediate  red  liniment. 

Rape  oil   .        .  .  .  Reddish  or  orange. 

Sesamd  oil         ...  Yellowish  or  orange. 

Cottonseed  oil  .  •  •  Brown  or  brownish-red. 

Unseed        „    .  .  .  Red  or  orange. 

Poppyseed    „   •  •  •  Reddish. 

Hempseed    „    .  .  ,  Brownish-red. 

Castor          „   .  .  •  Yellowish  or  orange* 

Tests  for  Fish  Oils  in  Vegetable  Oils. — Heat  some  of 
the  sample  in  a  small  covered  crucible  to  about  130^  C,  and 
observe  the  odour  given  off.  If  much  fish  oil  be  present  a 
characteristic  fishy  odour  will  be  perceived.  Measure  out 
50  cc  of  the  sample  into  a  large  test  tube,  and  pass  a  current 
of  dry  chlorine  gas  through  it,  when  a  more  or  less  reddish- 
brown  colour  will  be  produced  if  fish  oils  be  present.  Saponify 
5  grms.  of  the  sample  as  directed  on  page  251,  but  using 
absolute  alcohol  instead  of  the  methylated  (which  gives  a 
brownish  colour  with  potash,  owing  to  the  methyl  alcohol  it 
contains),  and  dilute  the  saponified  oil  to  about  50  cc.  with 
water  in  a  test  tube,  when,  if  fish  oils  be  present,  a  more  or 
less  brownish  colour  is  produced. 

Valenta's  Acetic  Aoid  Test. — In  this  test  the  oil  is 
brought  into  solution  by  boiling  in  17  £  acetic  acid,  and  the 
temperature  at  which  a  turbidity  is  produced  is  observed.  This 
being  difi^erent  for  various  oils,  the  test  may  be  useful  as 
confirming  the  presence  of  a  particular  oil  which  has  been 
previously  identified  by  other  means.  The  test  may  be  applied 
in  the  following  manner  : — 5  cc.  of  the  sample  and  5  cc.  of 
glacial  (17  E)  acetic  acid  are  poured  into  a  test  tube,  and  the 
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mixture  heated  to  boiling,  until  all  the  oil  has  gone  into  solu- 
tion ;  a  thermometer  is  then  immersed  in  the  liquid,  which  is 
allowed  to  cool  gradually,  and  the  temperature  at  which  a 
turbidity  is  produced  is  observed.  The  following  results  were 
obtained  by  Valenta,  for  various  oils,  by  this  test : — 


Kind  of  Oil. 
Green  Olive  oil    •        , 
Ydlow        „ 
Almond  oil  .        « 

Arachis    „  .        « 

Apricot  Kernel  oil 
Sesam6  oil  .        •        . 
Melonseed  oil      •        • 
Cottonseed  oil     •        • 
Cod-liver      „      • 
Rapeseed  oil     . 
Mustardseed  oil 
WUd   Radishseed    oU 
Palm  oil     . 
Laurel  „     . 
Nutmeg  Butter 
Cocoa  Nut  oil 
Palmnut  oilj 
Bassia  oil 
Beef  Tallow 
Pressed  Tallow 
Cacao  Butter 
Olive  Kernel  oil 
Castor  oil 


Temperatore  of 
Turbidity  "C. 

III 
IIO 
112 

"4 
107 

108 

IIO 
lOI 


Not  completely  dissolved    at 
boiling  point  of  acetic  acid. 


the 


23 

26  to  27 

27 

40 
48 

64-5 

95 
"4 

IDS 


I  Soluble  at  the  ordinaiy  temperature. 


Millian's  Test  for  Detecting  Cottonseed  Oil. — Cotton* 
seed  may  be  detected  in  other  oils  by  this  test,  and  5  per  cent 
of  the  oil  mixed  with  rape  or  olive  can  be  detected  with  cer- 
tainty. The  process  consists  in  dissolving  5  cc.  of  the  total 
fatty  acids  contained  in  a  test  tube  in  2  cc  of  absolute  alcohol, 
heating  to  boiling  in  a  water-bath,  2  cc.  of  a  2  £  solution  of 
silver  nitrate  are  then  added.  If  acids  from  cottonseed  oil  be 
present  an  immediate  reduction  of  the  nitrate  occurs ;  the  test 
tube  may  be  kept  near  the  boiling  point  of  the  alcohol  for  a 
few  minutes  to  obtain  the  full  development  of  the  colour  or 
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precipitate.  It  is  advisable  in  tr)  ing  this  test  to  heat  5  cc.  of 
the  same  fatty  acids  with  alcohol  without  the  addition  of  the 
nitrate,  so  as  to  serve  as  a  blank  to  be  compared  with  the 
other. 

Iodine  Absorption  Test  for  Oils. — This  process  of  testing 
oils,  which  was  first  brought  out  by  Baron  Hiibl  *  depends 
upon  the  fact  that  different  oils,  under  the  same  conditions 
combine  with  varying  quantities  of  iodine,  owing  to  each  oil 
possessing  the  glycerine  ethers  of  the  members  of  the  three 
groups  of  fatty  acids— viz,,  the  acdic,  acrylic^  and  tetrolic  series, 
in  different  proportions ;  the  acetic  series  being  comparatively 
indifferent  to  the  action  of  iodine,  while  the  fats  of  the  acrylic 
and  tetrolic  series  readily  unite  with  fixed  quantities  of  the 
halogen.    The  following  are  details  of  the  process : — 

Weigh  out  into  a  30  cc.  beaker  from  0*2  to  0-3  grm.  of  a 
drying  oil,  0*3  to  0*4  grm.  of  a  non-drying  oil,  or  from  0*8  to 
1*0  grm.  of  a  solid  fat.  Dissolve  in  10  cc.  of  chloroform,  and 
pour  into  a  250  cc  stoppered  flask.  20  cc.  of  a  standard  ^oXm- 
tion  of  iodo-mercuric  chloride  (prepared  by  dissolving  25  grms. 
of  iodine  and  30  grms.  of  mercuric  chloride  each  in  500  cc.  of 
95  per  cent,  alcohol,  and  mixing  the  two  solutions)  are  now 
added  and  the  mixture  well  agitated.  If  the  solution  is  not 
quite  clear  add  a  little  more  chloroform.  If  the  mixture  be- 
comes nearly  colourless  after  standing  fifteen  minutes  add  10  cc. 
more  of  the  iodine  solution,  well  mix,  and  allow  to  stand  for 
two  hours.  Now  add  10  cc.  of  an  aqueous  solution  of  £ 
potassic  iodide,  mix,  dilute  to  about  200  cc,  and  titrate  the 

E 

free  iodine  still  present  with  an  -  standard  solution  of  hypo- 
sulphite of  soda  (thiosulphate,  NaaSsOs),  using  2  cc.  of 
starch  solution  (i  in  100)  as  indicator  of  the  end  of  the 
reaction. 

A  blank  experiment  must  be  made,  using  the  same  quantities 
of  chloroform,  iodine  solution,  &c.,  in  order  to  obtain  the  true 
value  of  the  hyposulphite  solution,  after  which  the  amount  of 

•  Ding,  Polyt,  Jour.,  ccliii.,  281. 
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iodine  absorbed  by  the  sample  is  easily  obtained,  which  should 
be  expressed  centesiroally. 

The  following  table  shows  the  iodine  absorption  for  various 
oils  in  percentages  (Hiibl  and  Moller) 


Shark -liver  oil 

Manhaden 

Porpoise 

Seal 

Linseed 

Walnut 

Poppyseed 

Cottonseed 

Rapesetd 

Almond 

Cat-tor  oil  . 

Olive 


}* 
II 
>» 
II 
II 
II 
II 
II 
II 


II 
t$ 


II 
Lard 

Palm 

Tallow,,    . 

Cocoa-nut  oil 

Cocoa-butter  oil 

Muskat-bulter  „ 

Mutton-fat  oil 

Lard 

Beef-snet 

Oleic  acid 

Olein 

Commercial  ste.  rin 

Beeswax    . 

Japanese  wax    . 

Bayberry  tallow 

Butter        .        • 

Oleomargarine  • 


t9 
19 


Iodine  degree, 

268*2 

170*8 

I31'2 

'034 

158 

143 
136 

106 

too 

984 
844 

82-8 
8i-3 

59 
51S 
40 
8-9 

344 
31-6 

57-3 

55 

384 
86-2 

823 

17 

5*3 

5*61 

1-38 
31 
55*3 


Hiibl  obtained  an  assimilation  of  from  89*8  to  90*5  per 
cent,  of  iodine  by  chemically  pure  oleic  acid,  while  the  theo- 
fetical  proportion  required  by  the  reaction  CuHsiOs  +  Ii  = 
C18HS4I3O2  is  90  07  per  cent 

The  following  are  his  conclusions  deduced  from  the  experi- 
ments* : — 

•  See  «*  Journal  Soc.  Chem.  Ind./*  1884,  p.  642. 
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(i)  Linseed  oil  is  distinguished  by  its  high  iodine,  and  any 
addition  of  a  foreign  oil  must  reduce  that  degree.  By  boiling 
linseed  oil,  its  iodine  degree  is  lowered,  but  the  fusing  point  of 
its  fatty  acids  is  increased. 

(2)  An  addition  of  5  to  10  per  cent,  of  cottonseed  or  rape- 
seed  oil  would  be  readily  detected  in  nut  or  poppy  oil,  but  not 
much  less  than  20  per  cent,  of  linseed  would  be  detected. 

(5)  Rapeseed  oil  as  regards  the  iodine  absorption  is  affected 
by  the  method  of  extraction  and  refining.  The  refined  oil 
usually  has  an  iodine  degree  2  or  3  degrees  below  that  of  the 
raw  product.  A  falsification  with  15  per  cent,  of  linseed  oil 
would  be  detected  with  certainty. 

(4)  Castor  oil  possesses  a  very  constant  iodine  degree  — 
from  84*0  to  847,  and  is  distinguished  from  all  other  oils  and 
fats  by  this  figure,  by  the  points  of  fusion  and  solidification 
of  its  fatty  acids  (13®  and  3®  C.  respectively),  by  the  saponifica- 
tion test  and  by  its  ready  solubility  in  alcohol  and  acetic  acid. 

(5)  In  twenty  samples  of  olive  oil,  collected  from  various 
sources,  the  absorption  of  iodine  varied  only  within  3  degrees. 
The  addition  of  about  5  per  cent,  of  a  drying  oil,  or  15  per 
cent,  of  cottonseed,  sesam^,  arachis,  or  rape-seed,  may  be 
established  with  certainty. 

(6)  Animal  fats,  as  is  well  known,  are  liable  to  alteration  in 
respect  to  their  consistency  and  proportion  of  oleic  acid,  owing 
to  variety,  age,  and  food  of  the  animal  whence  derived.  In 
the  case  of  butter-fat  the  absorption  of  iodine  varies  between 
the  limits  of  26  and  35. 

(7)  When  the  nature  of  two  fats  in  a  mixture  is  known 

their  proportion  may  be  determined   approximately  by  the 

formula : — 

^_ioo(l-n) 

Wliere  x  =  the  percentage  of  one  fat. 

y  =        „  „         the  other. 

I  =  iodine  degree  of  the  mixture. 

f»  ^       „  „  ,,       fit  X. 

^  -—     «»         i»         fi      If  y* 

(8)  The  age  of  a  fat,  so  long  as  great  alterations  have  not 
taken  place,  does  not  affect  its  iodine  absorption.    If,  how- 
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ever,  an  oil  has  become  rancid  and  contains  free  acid,  the 
iodine  degree  suffers  considerable  depression. 

Saponifloation  Equiyalent  of  Oils. — It  has  been  found 
that  the  various  fatty  oils  require  different  amounts  of  potash 
for  complete  saponification,  although,  however,  the  difference  in 
some  cases  is  very  slight,  yet  the  number  obtained  is  a  careful 
criterion,  coupled  with  the  results  of  other  tests,  in  judging  the 
genuineness  of  a  sample  of  oil.  The  "saponification  equi- 
valent "  of  an  oil  is  the  number  of  grams  of  the  oil  decomposed 
by  one  litre  of  a  normal  solution  of  an  alkali.  Two  grams  oi 
the  oil  are  weighed  out  into  a  bottle  and  saponified  with  25  cc. 

E 

of  Std~  alcoholic  potash  solution,  as  described  on  page  351 ; 

the  solution  is  then  poured  into  a  100  cc.  porcelain  dish  and 
the  bottle  washed  out  with  a  small  quantity  of  alcohol,  a  few 
drops  of  phenolphthalein  solution  are  then  added,  and  the 

E 

excess  of  KHO  titrated  with  standard  --  HCl.    In  all  cases 

3 

a  blank  titration  is  made  with  the  alcoholic  potash  solution  to 
ascertain  its  value,  after  which  the  amount  of  KHO  taken  up 
by  the  oil  is  easily  calculated.  The  following  table  shows  the 
saponification  equivalent  and  percentage  of  KHO  absorbed  by 
various  oils : — 


Saponification 

Percentage  of  KHO  for 

equivalent. 

Saponification. 

Lard  oil  .... 

285—296 

19-1    to  19-6 

Tallow  oil 

285—296 

19*1    to  19-6 

Neats-foot  oil . 

285—300 

19*2    to  20'3 

Sperm  oil 

300-454 

I2-U  to  1474 

18-85  to  22-44 

Whale  oil 

250-303 

Menhaden  oil  . 

350—303 

19-2 

Cod -liver  oil    . 

250—303 

18-5    to  21-3 

Crude  cottonseed  oi 

285—296 

19*10  to  19-66 

Rape  oil 

313—330 

17-02  to  I7'64 

Castor  oil 

309—319 

17-60  to  18-15 

Olive  oil . 

285—296 

19-1    to  19-6 

Rosin  oil 

290—330 

17-     to  19-3 
19-13  to  19-06 

Earth-nut  oil   . 

285—296 

2Sja  OILS. 

Hehner's  Bromine  Thermal  Test  for  Oils.* — This  is 
a  more  rapid  method  than  the  Hiibl-iodine  process,  and  has 
the  advantage  of  approximately  corresponding  in  thermal 
values  for  various  oils — when  multiplied  by  a  constant — to 
the  iodine  values.  The  reagents  required  are  methylated 
chloroform  and  liquid  bromine,  and  the  test  is  best  carried  out 
in  a  Dewar's  jacketed  vacuum  tube,  which  can  be  arranged  to 
tilt  obliquely  as  in  Fig.  67. 


Fig.  67. 

The  sample,  bromine,  and  chloroform  are  first  brought  to  the 
same  temperature,  ascertained  by  a  delicate  thermometer 
graduated  in  i  of  a  degree;  one  gram  of  the  oil  is  then 
weighed  out  into  the  tube,  and  10  c.c.  of  the  chloroform 
added  so  as  to  dissolve  the  oil.  When  it  is  assured,  the 
temperatures  of  the  reagents  are  equalized;  i  c.c.  of  the 
bromine  is  withdrawn  from  the  bottle  by  means  of  a  pipette, 
having  a  little  soda  lime-tube  fitted  to  the  upper  end,  and 
attached  to  a  piece  of  rubber  tube  for  a  mouth-piece,  and 
added  to  the  solution  of  the  oil,  and  immediately  stirred  with 
the  thermometer  until  no  further  rise  in  temperature  takes 
place ;  the  increase  in  the  temperature  is  the  bromine  thermal 

value. 

The  following  are  some  of  the  figures  obtained,  the  calculated 
iodine  number  being  the  rise  in  temperature  multiplied  by  the 
constant  5*5 :  — 

•  Vid^HehneTf  Analyst,  1895,  p.  146,  and  Archbutt,  your,  Soc,  Chem. 
Indus,,  April,  1897. 
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Rise  of 

Hubl 
fiffure. 

Calcnlated 

Oil  or  Fat.                Temperature 

Iodine 

wi 

ith  Bromine. 

number. 

I.  Lard 

I0'6 

57-15 

58-3 

2.       „     . 

•       •       •       < 

.     10-4 

57-13 

57-a 

3.       .,     . 

>       •       •       • 

II'2 

63-11 

6i-6 

4*     1}    .        • 

11*2 

61-49 

61-6 

5.          M       .               . 

,     1 1-8 

6469 

64-9 

6.      „    .        , 

.     II-8 

6396 

64-9 

7.      »    . 

>      IO*2 

57-15 

56-1 

8.      „    ,        , 

10*4 

57-80 

57-2 

9.      .,    . 

•       •       • 

9*0 

5038 

49-5 

10.      „    . 

1       .    •    .        < 

.      II'O 

58-84 

605 

II.     „    -f- 10  7o  cotton  oil    . 

II-6 

64-13 

63-8 

12.     „    fatty  adds 

.    iO'4 

59-6 

57-2 

^3-     If       »»     f»            •       * 

.    11*0 

59-15 

60-5 

14.  Mutton  fat  (kidney)  •        , 

.      8*1 

44.48 

44-5 

15.        „       „  (flare)       . 

7*6 

397 

41-8 

16.  Batter       •        •        •        , 

.      6-6 

37-07 

363 

17.        M               .          .          .          . 

7"0 

38-60 

38-5 

18.      ,,     fatty  adds       • 

.       6-2 

365 

34-1 

19.  Almond  oil        .        •        , 

•    i7'6 

96-64 

96*68 

20.  Olive  oil    . 

.    150 

80-76 

82-5 

21.  Maize  oil  . 

.    21-5 

I22-0 

118-2 

22.  Cotton  oil.        •        • 

►    19-4 

107-13 

106-7 

23.  Castor  oil . 

.    iS'O 

83-77 

825 

24.  Linseed  oil        .        .        , 

.    304 

160-7 

167-2 

25*        ti       »          •        •        < 

.    3'-3 

1549 

172-0 

26.  Rape  oil  •        • 

1 8*4 

88-33 

I0I-2 

27.      tt      f»    *        •        • 

,     17-6 

77-20 

968 

28.  Cod-liver  oil 

.    28*0 

14403 

140 

29.  Oil  sent  as  olive  oil    . 

.     1 9*0 

108-5 

1045 

3^*    »»        >»         »»         • 

.     19*2 

1057 

105 -6 

3'*    f»       »» 

M               • 

.    189 

105-7 

103-9 

PART   VI. 

MATERIALS  USED  IN  THE  MANUFACTURE  OF 

RAIL  WA  Y  GREASE. 


Railway  grease  may  be  made  from  tallow,  palm  oil,  petroleum 
residuum^  caustic  or  carbonated  alkali,  and  soap.  A  known 
weight  of  alkali  (which  is  determined  according  to  the  percen- 
tage of  free  fatty  acids  present  in  the  tallow  and  palm  oil),  is 
first  dissolved  in  an  appropriate  quantity  of  water  contained  in 
an  open  boiler,  into  which  is  fitted  a  perforated  coil  of  iron 
tubing,  through  which  steam  can  be  made  to  issue.  A  weighed 
quantity  of  palm  oil  is  next  added,  and  thoroughly  stirred  until 
the  free  fatty  acids  are  completely  neutralized,  which  can  be 
known  by  the  abatement  of  eflfervescence,  due  to  COs  from 
the  decomposition  of  the  alkali ;  a  definite  weight  of  tallow  is 
next  added,  and  the  mixture  "  boiled  '*  up  with  steam  for  some 
time,  when  the  free  fatty  acids  of  the  tallow  thus  become  neu- 
tralized. After  the  addition  of  soap,  and  steaming,  the  grease  is 
run  off  through  sieves  into  vats,  or,  if  a  black  grease  is  required, 
about  40  per  cent,  of  Russian  petroleum  residuum  is  previously 
added. 

The  quality  of  the  materials  used  in  the  manufacture  of 
grease  is  of  great  importance  in  ensuring  uniformity  of  working, 
and  in  obtaining  a  homogeneous  product  A  source  of  trouble 
in  practical  working  is  the  great  difference  in  the  percentages  of 
free  fatty  acids  in  different  consignments  of  palm  oil,  Lagos 
brand  containing  about    la    per  cent   of  free   fatty  acids. 
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expressed  as  palmitic  acid,  while  the  brand  known  as  Salt  Pond 
may  contain  as  much  as  80  per  cent,  of  free  fatty  acids. 

The  following  may  be  taken  as  being  the  average  composi- 
tion of  good  yellow  and  black  railway  grease : — 


Water 

Tallow 

Palm  oil.        .        .        .        • 
Sojp  (containing  30  ^^  water) 
Petroleum  residuum 
Soda  ash         .        •        •        • 


•Yellow. 
Percent. 

37 

30 

10-5 

ax 

'•5 

lOO'O 


Black. 
Per  cent. 

25 
17 

4 

13-5 
40*0 

ij_ 

100*0 


Grease  used  on  the  German  railways  has  the  following 
composition  : — 

Per  cent. 
Tallow 24*6 


Palm  oil 

•        •        • 

98 

Rape-seed  oil 

•        •        • 

ri 

Soda  . 

•       •        • 

5-2 

Water 

•        0        • 

59-3 
loo-o 

sfrian  Grease: — 

Tallow. 

Olive  Oil.    Old  Grease. 

For  winter         .        . 

•          100 

20                 13 

For  spriog  and  autumn 

•           100 

10               10 

For  summer       •        • 

•          100 

.      I                   10 

Tallow. 

Australian  mutton  tallow  and  Russian  tallow  are  much  used 
in  the  manufacture  of  grease,  and  in  judging  its  quality  it 
becomes  necessary  to  know  the  amount  of  moisture,  free  fatty 
acids,  suspended  matter  (mineral  and  organic),  the  total  fatty 
acids,  together  with  the  determination  of  the  melting  and  con- 
gealing points  of  the  sample,  and  also  of  the  total  fatty  acids. 

EstimaHon  of  Moisture. — Weigh  into  a  tared  beaker, 
supplied  with  a  glass  rod,  10  grms.  of  the  fairly  averaged 
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sample,  dry  in  an  oil  bath  or  air  oven  for  one  hour,  at  a 
temperature  of  iio^  C,  allow  to  cool  and  reweigh;  replace 
in  the  oil  bath  or  air  oven  for  another  hour,  cool,  and  again 
weigh;  if  there  is  no  considerable  difference  between  this 
and  the  last  weighing  the  loss  is  taken  as  moisture.  The 
normal  amount  of  moisture  in  tallow  ranges  from  0*5  to  2  per 
cent. 

Estimation  of  Suspended  Matter. — If  the  amount  of  sus- 
pended matter  is  at  all  considerable — which  could  be  judged 
when  the  tallow  is  melted — the  tallow  left  from  the  estimation 
of  moisture  is  melted,  and  passed  through  a  tared  ashless  filter- 
paper  contained  in  a  hot  water  funnel,  after  which  it  is  trans- 
ferred to  an  ordinary  filter  stand,  and  the  remaining  portion 
of  tallow  and  suspended  matter  in  the  beaker  treated  with 
methylated  ether,  and  filtered,  the  filter  being  washed  free  from 
fat  with  ether,  dried  and  weighed ;  after  which  the  filter  and  its 
contents  can  be  ignited  in  a  weighed  crucible,  and  the  residual 
mineral  matter  weighed.  The  total  suspended  matter  in  a 
tallow  should  not  exceed  0*3  per  cent. 

Estimation  of  Free  Fatty  Acids, — 50  grms.  of  the  sample 
are  weighed  into  a  180  cc.  flask,  and  100  cc  of  pure  methy- 
lated alcohol  (to  which  are  previously  added  three  drops  of 
an  alcoholic  solution  of  phenolphthalein  and  two  drops  of 
E  NaHO  solution,  which  should  give  a  permanent  pink  colora- 
tion) are  added ;  the  mixture  is  then  placed  on  top  of  a  water 
oven,  and  when  the  tallow  is  seen  to  be  melted,  it  is  vigorously 
stirred  so  as  to  dissolve  all  the  free  fatty  acids.  A  standard 
solution  of  £  sodic  hydrate,  contained  in  a  burette,  is  now 
gradually  run  into  the  solution  until  a  pink  coloration  (which 
remains  permanent  on  stirring  for  five  minutes)  is  produced. 
Note  the  volume  required,  i  cc.  of  E  NaHO  =  0*282  grm. 
free  oleic  acid;  cc's  required  x  '282  x  2  =  percentage  of  free 
oleic  acid.  The  usual  range  of  free  fatty  acids  in  tallow  is 
from  I  to  5  per  cent,  and  in  samples  which  have  been  kept 
for  some  years,  and  which  are  characterised  with  a  very  offen- 
sive rancid  odour,  may  contain  as  much  as  20  per  cent.  Some- 
times, however,  the  free  fatty  acids  are  abnormally  high,  due  to 
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adulteration  with  cotton ^seed  oil,  stearic  acid,  and  the  acids 
from  wool  grease. 

Estimation  of  Total  Faity  Acids. — 5  grms.  of  the  sample 
are  saponified  as  directed  on  page  251,  and  the  total  fatty  acids 
determined  as  described. 

The  Melting  Point  and  Congealing  Point  of  the  Sample^  and 
of  the  Total  Fatty  Acids  therefrom, — ^These  are  determined 
by  the  method  described  on  page  254.  The  melting  point  of 
Australian  tallow  is  from  about  45°  to  50°  C,  and  the  congeal- 
ing point  from  40°  to  47°  C.  The  melting  point  of  the  total 
fatty  acids  is  often  49°  C,  and  the  congealing  point  47°  C. 

Calculation  of  amount  of  Soda-ash  required  to  neutralize  the 
Free  Fatty  Acids  in  i  civt.  of  Tallow. — We  shall  suppose  the 
soda-ash  to  contain  477  per  cent,  of  combined  NaaO  and  the 
tallow  to  contain  4*8  per  cent,  free  oleic  acid.  Now  two  mole- 
cules of  oleic  acid  require  one  molecule  of  sodic  oxide,  since 

2  CisHjiOa  +  NajO  =  2  NaCisHssOa  +  H2O. 
564  reqs.        62 

Now  I  cwt  of  the  tallow  contains  '048  cwt.  CisHsiOa ;  then 
564  :  '048  : :  62  :  x—  =  '00528  cwt  pure  NajO  required,  but 
the  soda- ash  only  contains  477  per  cent,  pure  NaaO ;  then, 
47*7  :  100  : :  '00528  :  x  ='01107  ^^^  or '01107  X  112  =  1*24 
lbs.  soda-ash  required  to  neutralize  the  free  fatty  acids  in  i  cwt. 
of  the  tallow. 

Palm  Oil. 

Palm  oil  is  obtained  from  the  fruit  of  the  Avoira  dais  or  Elais 
Guineenis^zxA  is  imported  largely  into  this  country  from  the  West 
Coast  of  Africa  for  the  purpose  of  making  grease,  soaps  and 
candles,  &c  Its  specific  gravity  is  '920  to  '927  at  15°  C  and 
about  '856  at  100°  C,  and  it  melts  at  about  40°  C,  the  total 
fatty  acids  melting  at  from  41  to  46^  C. 

The  colour  of  palm  oil  varies  from  orange  yellow  to  brownish 
yellow.  In  consistency  it  varies  from  that  of  vaseline  to 
hard  tallow^  owing  to  the  variation  in  the  proportion  of  free 
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fatty  acids.  Palm  oil  may  be  assayed  in  a  similar  manner  to 
tallow,  the  free  fatty  acids  being  expressed  as  palmitic  acid, 
(CieHaOi)  S  grms.  instead  of  50  being  taken.  For  railway 
grease  the  amount  of  free  fatty  acids  present  is  not  a  serious 
item,  since  they  are  neutralized  in  the  process  of  manufac- 
ture. The  oil  in  its  raw  state,  however,  quickly  corrodes  iron, 
steel,  &c.  The  following  is  a  table  by  Archbutt  giving  the 
proportions  of  free  fatty  acids  in  various  brands  of  palm  oil. 


• 

Free  Fatty  Acids,  per  cent 

Expressed  as  Palmitic. 

Salt  Pond 78*9 

Unknown  . 

. 

72*0 

Refined      • 

• 

•         1 

>       55-8 

Brass          .... 

»         1 

53-2 

New  Calabar     • 

1 

52-2 

Fernando  Po     .        .        . 

1 

40s 

Half  Jack  .        .        .        , 

t 

357 

Half  Jack  .... 

1         < 

244 

Bonny       .... 

t 

21-5 

Lagos        .... 

« 

11-9 

The  following  is  what  the  author  considers  an  ideal  palm 
oil  for  grease  making : — 


Free  fatty  acids         •        •        • 
Total  „       „  ... 

Water,  below    .        .        .        , 
Suspended  matter,  below  • 

Melting  point  of  sample 
Congealing  point  of  sample 
Melting  point  of  total  fatty  acids 
Congealing 


»i 


>f 


30  per  cent. 

95 
0-5 

•3 
41' C. 

36«C. 

42''  to  4f  a 

43**  to  41*  C. 


99 

tf 


The  Lagos  brand  contains  the  least  proportion  of  free  fatty 
acids,  but  it  is  likewise  the  most  expensive,  and  therefore  it  is 
more  economic  to  use  for  grease  making  a  palm-oil  containing 
a  fair  proportion  of  free  fatty  acid  at  a  reasonable  price.  It 
could,  of  course,  be  arranged  that  there  should  always  be  the 
same  proportion  of  neutral  palm  fat  present  in  the  grease,  by 
altering  the  proportion  of  added  soap  according  to  the  amount 
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of  soap  formed  by  the  neutralization  of  the  free  fatty  acids. 
There  should  be  no  difficulty  in  the  making  of  grease  with 
palm  oil  so  long  as  the  proportion  of  the  free  fatty  acids  keeps 
below  40  per  cent 

Petroleum  Besiduum. 

The  best  petroleum  residuum  applicable  to  grease-making 
is  that  imported  from  Russia.  If  the  distillation  has  not  been 
carried  too  far,  it  is  of  a  fine  glossy  silky  nature  ;  and 
when  rubbed  on  the  hand,  it  exhibits  a  good  greasy  consis- 
tency. On  the  other  hand,  if  the  distillation  has  been  carried 
on  to  the  extent  that  the  last  portion  of  lubricating  oil  has 
been  removed,  a  rough-feeling  product  is  obtained  which  is 
inferior  for  the  purpose. 

Petroleum  residuum  is  now  much  used  in  the  manufacture  of 
railway  grease,  and  it  appears  to  be  a  very  economic  introduc- 
tion. It  can  be  got  for  something  like  jQ6  per  ton ;  and  more- 
over, the  grease  made  with  it  lasts  longer,  and  has  less  action 
on  the  bearings,  journals,  &c.,  than  the  ordinary  yellow  grease. 
The  most  important  point  in  buying  residuum  is  to  get  it  of  the 
required  viscosity ;  many  of  the  residuums  in  the  market  become 
very  thin  when  the  temperature  rises  a  litttle,  and  grease  made 
with  them  is  of  little  value,  since  on  attaining  the  temperature 
of  the  bearings  it  separates  and  runs  away  in  waste.  The 
viscosity  of  residuums  for  grease^making  should  be  determined 
at  180°  C,  and  the  best  for  the  purpose  takes  about  546 
seconds  for  50  cc.  to  run  out  of  Redwood's  viscosimeter. 
The  amount  of  suspended  matter  if  large  must  be  determined, 
and  also  the  loss  on  exposing  about  i  grm.  of  the  sample  con- 
tained in  a  watch  glass  of  2^  inches  diameter,  in  a  water  oven  for 
twelve  hours,  the  loss  being  due  to  water  and  any  light  oil  that 
has  volatilized,  an  amount  which  rarely  exceeds  2  per  cent. 
Sometimes  residuums  contain  a  considerable  amount  of  water ; 
in  such  cases  it  is  best  to  treat  a  known  weight  with  petroleum 
ether  in  a  graduated  measure,  and  note  the  volume  of  water 
that  has  separated  out. 
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Soap. 


Palm  soap  containing  28  per  cent,  of  water  and  8  to  13 
per  cent,  of  resin  as  soap  is  much  used  for  grease-making, 
but  it  is  questionable  whether  a  much  cheaper  soap  could  not 
be  used  with  equal  advantage,  containing  no  resin,  which  is  of 
little  use  as  a  lubricant. 

Method  of  Analysis. 

Estimation  of  Water.  —  The  amount  of  water  in  soaps 
considerably  varies,  some  hard  soaps  containing  1 5  per  cent., 
and  inferior  varieties  as  much  as  80  per  cent.  Weigh  out  3 
grms.  of  the  fairly  averaged  sample  into  a  tared  beaker  supplied 
with  a  pointed  glass  rod,  and  dry  for  one  hour  at  50^  C. ;  and 
finally  gradually  increase  the  temperature  to  iio^  C,  with 
frequent  stirring  until  all  water  has  been  driven  off;  about  three 
hours  in  all  being  in  most  cases  sufficient  to  completely  expel 
water.    The  loss  =  water. 

Estimation  of  Total  Combined  Fatty  and  Resin  Acids, — 5  grms. 
of  the  average  sample  are  dissolved  in  100  cc  of  hot  water  and 
poured  into  a  separator,  20  cc.  of  standard  £  HNO3  ^^^  ^^^ 
added,  and  the  mixture  well  shaken  up ;  the  soap  is  thus  de- 
composed, fatty  acids  and  any  free  unsaponified  fat  being 
liberated,  the  soda  or  potash  combining  with  the  nitric  acid 
forming  nitrate  of  soda  or  potash.  50  cc.  of  methylated  ether  are 
now  added,  well  shaken,  and  allowed  to  settle.  The  aqueous 
solution  is  tapped  off  into  another  separator,  20  cc  more 
ether  added  to  it  and  separated  as  before ;  the  two  ethereal 
solutions  are  mixed  and  washed  with  water,  and  separated, 
adding  the  aqueous  solution  to  the  main  portion.  Reserve 
aqueous  solution.  The  ethereal  solution  containing  the  fatty 
acids,  &c.,  is  poured  into  a  weighed  flask  and  attached  to  a 
Liebig's  condenser,  the  ether  distilled  of^  and  the  residue 
carefully  dried  and  weighed ;  any  unsaponified  fat  and  resin  as 
found  in  another  portion,  must  be  subtracted  from  this  weight. 
Of  course  the  fatty  acids  as  thus  found  do  not  exist  in  this 
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form  in  the  soap,  but  as  fatty  anhydrides ;  to  obtain  the  corre- 
sponding quantity  of  fatty  anhydrides,  multiply  the  weight  of 
fatty  acids  found  by  '966. 

Estimation  of  Total  Soda  {NatO.)—Ho  obtain  the  total 
amount  of  soda  present,  free  and  combined,  the  reserved 
aqueous  solution  from  the  above  determination  is  taken  :  the 
excess  of  £  nitric  acid  therein  is  titrated  back  witli  a  standard 
£  solution  of  NaHO,  using  litmus  paper  as  an  indicator. 

Each  cc.  of  E  HNOs  neutralized  =  *032  grm.  NaaO. 

The  solution  could  now  be  divided  into  two  halves,  and  if 
necessary  the  chlorides  could  be  estimated  in  one  by  precipi- 
tation with  nitrate  of  silver,  and  sulphates  in  the  other  by  pre- 
cipitation with  barium  chloride  in  the  usual  manner. 

Estimation  of  Resin, — The  best  method  for  the   determi- 
nation of  resin  is  that  devised  by  Gladding,  depending  upon 
the  solubility  of  silver  resinate  in  an  alcohol- 
ether  solution,  and  the  comparative  insolubility 
of  silver  oleate,  stearate,  palmitate,  &c.,  in  the 
same  solution.    Weigh  out  05  grm.  of  the  total 
fatty  and  resin  acids,  as  obtained  in  their  deter- 
mination, into  a  small  flask,  dissolve  in  20  cc. 
of  absolute  alcohol,  add  two  or  three  drops  of 
phenolphthalein,  then  add  drop  by  drop  a  con- 
centrated alcoholic  solution  of  potash  till  a  pink 
coloration  is  produced,  and  then  add  two  drops 
more,  and  keep  near  the  boilmg  point  for  ten 
minutes  to  ensure  complete  saponification  of  any 
neutral  fat ;  pour  out  into  a  graduated  100  cc. 
Muter  tube,  Fig.  6S,  dilute  to    100  cc.  with 
anhydrous  ether,  and  thoroughly  mix.      Now 
add  o'5  grm.  of  pure  silver  nitrate  in  the  state 
of  the  finest  powder,  and  thoroughly  shake  for 
about  ten  minutes  to  ensure  complete  reaction. 
Allow  the  precipitated  silver  soaps  to  subside. 
About  70  cc.  or  any  known  quantity  of  clear  ethereal  solution 

are  tapped  off  into  a  separator,  and  shaken  up  with  about 

z 


Fig.  68. 
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o'l  gnu.  more  powdered  silver  nitrate  to  ensure  complete 
formation  of  silver  soaps.  If  any  flocculent  precipitate  is 
produced  the  solution  is  again  run  into  the  Muter  tube  and 
shaken  up  with  0*3  grm.  more  of  the  powdered  silver  nitrate, 
allowed  to  settle,  and  a  known  volume  tapped  off  into  a 
separator  as  before.  20  cc  of  4  E  HCl  are  now  added  to  the 
liquid,  and  the  mixture  vigorously  shaken  up.  The  soluble 
silver  soaps  are  thus  decomposed,  silver  chloride  is  precipi- 
tated and  collects  at  the  bottom  of  the  aqueous  solution,  while 
the  resin  acids  and  small  quantities  of  oleic  acid,  &c,  are 
dissolved  in  the  ethereal  layer.  When  complete  separation 
is  ensured,  the  aqueous  solution  with  the  precipitate  is  tapped 
off,  the  ethereal  solution  distilled  off  in  a  weighed  flask,  and 
the  residue  of  resin,  &c.,  dried  at  100°  C.  and  accurately 
weighed.  Now,  since  the  silver  soaps  of  oleic,  stearic  acids, 
&c.,  are  to  an  appreciable  extent  soluble  in  the  ethereal  liquor, 
a  correction  must  be  made  for  the  solubility  j  the  amount  dis- 
solved varies  with  the  nature  of  the  fatty  acids. 

The  following  table  showing  the  average  variation  of  solu- 
bility of  different  fatty  acids  as  silver  soaps,  was  obtained 
by  Wright  and  Thompson  : — 

Milllgrami  of  Fatty  Acids 
in  zo  oc.  of  Solvent. 

Pure  oleic  acid    •••••••  1*20 

Pare  stearic  acid  ••••••  I'i6 

Mixed  stearic  and  oleic  acids       •        •        •        •  1*91 

Acids  from  cottonseed  oil    .        •        •        •        •  2*69 

Acids  from  castor  oil 5*39 

Acids  frt)m  cocoa-nut  oil 1*80 

Acids  from  linseed  oil  (Allen)     •        •       •       •  2*31 


An  idea  of  the  nature  of  the  fatty  acids  present  having  been 
obtained  from  their  melting  point,  specific  gravity,  &c,  the 
operator  could  judge  which  was  the  most  correct  figure  to  take 
for  subtraction.  The  method  gives  good  results  with  a  little 
practice,  but  unless  great  care  is  exercised  a  very  erroneous 
result  may  be  obtained. 
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Estimation  of  Free  Fat.  --Owing  to  incomplete  saponifi- 
cation of  the  fat  used  in  the  manufacture  of  soap,  there  is 
sometimes  fat  present  in  the  free  state.  To  determine  this, 
the  dry  residue  left  from  the  estimation  of  water  is  detached 
by  means  of  a  flexible  steel  spatula,  powdered,  brushed  into 
a  50  cc.  wide  mouth  stoppered  bottle,  30  cc  of  methylated 
ether  added,  and  the  stopper  tied  down.  It  is  now  heated  to 
about  40^  C,  well  shaken  for  about  a  quarter  of  an  hour,  and 
allowed  to  cool;  the  stopper  is  then  withdrawn,  the  clear 
ethereal  solution  decanted  through  a  filter  into  a  separator, 
the  residue  exhausted  twice  more  with  30  cc.  of  ether,  and 
filtered  as  before.  The  ethereal  solution  containing  any  free 
fat,  free  fatty  acids,  a  little  soap,  &c.,  is  now  washed  three 
times  with  20  cc.  of  distilled  water,  the  purified  ethereal 
extract  distilled,  and  the  residuum  of  free  fat,  &c.,  weighed  and 
tested  for  mineral  oils  and  waxes,  &c. 

The  following  is  a  tabular  scheme  given  by  Dr.  Leeds  *  for 
the  complete  analysis  of  soaps : — 

•  Ckem.  News^  xlviii.,  67, 
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Assay  of  Caustic  Soda  (NaHO). 

Weigh  out  quickly  lo  grms.  of  the  fairly  averaged  sample, 
dissolve  in  the  purest  distilled  water  free  from  COs»  dilute  to 
[,ooo  cc.  at  15°  C.  in  a  graduated  stoppered  flask,  thoroughly 
mix,  and  allow  any  sediment  to  subside. 

EstimaHon  of  Total  Alkali, — 100  cc.  (=  i  grm.  sample) 
of  the  above  clear  solution  are  measured  off  and  poured  into 
a  200  cc.  beaker ;  28  cc.  of  standard  E  H2SO4  are  now  run  in 
from  a  burette,  and  the  mixture  boiled  for  five  minutes  with 
the  cover  on.  It  is  then  cooled,  a  few  drops  of  litmus  solu- 
tion added,  and  standard  E  NaHO  run  in  gradually  from  a 
burette,  stirring  until  the  last  drop  added  just  turns  the  red 
solution  blue.  Note  the  volume  required,  subtract  this 
amount  from  28,  and  the  quantity  of  E  acid  neutralized  by 
I  grm.  of  sample  is  obtained. 

Each  cc.  neatralized  =  '031  grm.  soda  (Na20). 

Example. — A  sample  of  caustic  soda  treated  as  above  re- 
quired 8*8  cc.  of  £  NaHO  to  neutralize  excess  of  acid,  then : — 

28-8*8  =  19-2  cc.  E  H3SO4  neutralized. 
19*2  X  0*031  -=.  '5952  grm.  NaaO  in  I  grm. 
•5952  X  100  =  59-52  per  cent.    Total  NajO. 

Estimation  of  Na^O  present  as  Hydrate  and  Carbonate, 
— ^Take  250  cc.  of  the  original  solution  (  =  2*5  grms.  of 
sample),  pour  into  a  graduated  500  cc  flask,  add  40  cc.  of 
E  BaCls,  dilute  to  500  cc  at  15°  C,  stopper,  thoroughly 
mix,  and  allow  any  precipitate  of  carbonate  of  barium  to  sub- 
side; decant  ofi*  250  cc.  (=  1*25  grm.  original  sample)  of  the 
clear  solution  into  a  400  cc  beaker,  add  three  drops  of  phenol- 
phthalein  solution,  and  run  in  standard  E  HCl  from  a  burette 
until  the  pink  colour  has  just  disappeared.  Note  the  amount 
required. 

Example, — 250  cc  of  the  original  solution  were  treated  as 
above,  and  226  cc.  of  standard  £  HCl  were  required  to  de- 
colourize the  solution. 
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I  cc.  of  £  HCl  =  '031  grm.  NaaO. 
22*6  X  '031  ^  '7006. 

^— -=  5605  gnn.  NajO  as  NaHO  in  i  grm.  sample. 

•5605  X  100  =1 56-1  per  cent.  NaaO  as  NaHO. 

The  total  Na»0  was  59*52  per  cent. 

Then— 

59*52  -  56*1  =  3*42  per  cent.  Na20  as  carbonate. 

57  to  60  per  cent,  of  total  soda,  and  2  to  3  per  cent,  soda  as 
carbonate  are  frequent  proportions  in  the  commercial  article. 

Assay  of  Soda  Ash  (NasCOs). 

Weigh  out  10  grms.  of  sample,  dissolve  in  300  cc  of 
distilled  water,  filter  into  a  graduated  500  cc.  stoppered 
flask,  wash  the  residue  with  distilled  water  until  the  wash- 
ings are  no  longer  alkaline,  and  dilute  to  500  cc.  at  15°  C. 
The  solution  is  then  thoroughly  mixed.  100  cc.  (=  2  grms. 
sample)  are  accurately  measure^  out  and  poured  into  a 
200  cc.  beaker,  and  37  ca  of  standard  £  H2SO4  gradually 
added  from  a  burette;  the  solution  is  now  boiled  for  five 
minutes  with  cover  on  to  eliminate  CO2,  allowed  to  cool,  a 
few  drops  of  litmus  solution  added,  and  the  free  acid  titrated 
by  a  standard  £  solution  of  sodic  hydrate  until  the  last  drop 
produces  a  blue  coloration.    Note  the  volume  required. 

Eooample. — 10  grms.  of  a  sample  of  soda  ash  were  treated  as 
above;  on  titrating  the  free  acid  with  standard  £  NaHO  6'occ. 
were  required. 

Then— 

37-6  =  31  cc.  of  standard  E  H3SO4  neutralized. 
I  cc.  of  £  H3SO4  =  '031  grm.  Na20. 
31  X  '031  ^  0'96i  grm.    NazO  in  2  grms.  sample. 

— - — ^ =  48*05  per  cent,  combined  NajO, 


or. 


3''4i  X  48-05  ^  ^8-7  English  degrees. 


A  great  number  of  commercial  soda  ashes  examined  by 
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the  writer  ranged  from  46  per  cent.  Na^O  to  52  per  cent. 
Na,0. 

The  following  is  a  complete  analysis  of  Glasgow  refined  soda 
ash  {Brawn),  • 

SodittRi  carbonates 80*92 


)} 

II 
II 


hydrate 

silicate 

aluminate 

sulphate 

sulphite 

thiosulphate 

sulphide 

chloride 


Insoluble  matter 


3-92 
1-32 

I'OI 

7*43 
I'll 

trace 

0-23 

3' 14 
077 

99-85 


Soheme  of  Analysis* — The  following  is  a  systematic 
scheme  for  the  analysis  of  railway  grease,  &c.,  and  also  dirty 
grease,  />.,  grease  that  has  done  its  duty  as  a  lubricant  and 
which  contains  metals,  &c. 


Scheme  of  Analysis. 


Ten  grms.  of  the  sample  are  stirred  with  ether  in  a  beaker  till  ihonmgkly  ditinie' 
grated.  The  mixture  is  then  rinsed  into  a  separator  and  shaken  repeatedly  with 
quantities  of  zo  cc.  each  of  £  HCl  till  all  metals  are  removed.  \Iron  and  aluminium 
can  only  be  removed  by  strong  acid.  Ether  dissolves  ferric  chloride  from  its  aqueous 
and  dilute  acid  solution.)  The  ethereal  solution  which  remains  is  then  washed  three 
or  four  times  with  watA-  m  quantities  of  xo  cc.  each  time. 


Acid  Extract. — 
Wash  with  ether 
to  remove  oil  me* 
chanicallv  carried 
over,  and  add  the 
ether  to  the  main 
quantity.  Run  the 
acid  solution  into 
a  basin  and  let  the 
ether  spontane- 
ously evaporate ; 
then  take  to  dry- 
ness, redissolve, 
and  estimate  the 
Metals  in  the  usual 
manner. 


Ethereal  Solution* — Shake  with  about  50  cc.  of  "  soda  mix- 
ture," caustic  soda  20  grms.,  methylated  spirit  zoo  cc.  and 
dilute  to  I  litre  with  water. 


Alkaline  EX' 
tract, — Wash  with 
ether  and  add  the 
ether  to  the  main 
quantity.  Then 
acidify  the  solu- 
tion, shake  with 
ether,  evaporate 
the  ether  and weifrh 
the  Fatty  Acids 
(and  the  greater 
part  of  the  Resin) 
which  existed  as 
soap  in  the  grease, 
andperhaps  partly 
in  tne  free  state. 
These  can  be  exa- 
mined further  as 
desired. 


Ethereal  Solution.  —  Evaporate,  and 
weigh  the  residual  oil  as  control.  Then 
saponify,  and  shake  the  alkaline  solution 
with  ether. 


Ethereal  Ex- 
tract.— Consists  of 
Hydrocarbon  Oils. 
Cholesterin  and 
Unsaponifiable 
Mattersy  higher 
Alcohols,  &*c. 


Alkaline  Solu- 
tion. —  Acidify, 
and  estimate  fatty 
acids  existing  in 
the  grease  as  7^eu» 
tral  Oil  or  Fat. 
If  the  grease  con- 
tained resin,  part 
of  it  will  be  found 
here. 


PART  VII. 

GASWORKS  PRODUCTS^ 


Coal  Gas. 

Enormous  quantities  of  coal  are  now  consumed  in  the 
manufacture  of  gas  for  lighting,  heating,  and  motive  purposes. 
The  manner  in  which  it  is  at  present  produced  is  at  once 
simple  and  economic,  although  at  first  considerable  difficulties 
had  to  be  overcome  in  obtaining  a  systematic  process  which 
would  supply  a  continuous  yield  of  gas,  free  from  objectionable 
impurities  such  as  sulphuretted  hydrogen,  carbon  bisulphide, 
carbonic  acid,  air,  &c.  Fig.  69  is  a  sketch  illustrating  the 
principle  upon  which  gas  is  produced  in  a  modem  gas-works. 

The  gas  coal  is  introduced  into  the  cylindrical  fire-clay 
retorts  a  a,  contained  in  a  furnace  in  which  they  are  heated  to 
a  bright  red  heat ;  the  products  of  distillation,  gas,  tar,  and 
ammoniacal  liquor,  pass  up  the  ascension  pipes  attached  to 
each  retort,  and  through  the  hydraulic  main  b,  and  from  thence 
descend  through  the  pipe  d,  through  the  tar-pit  c ;  here  the  tar 
and  ammoniacal  liquor  collect,  and  the  gas  passes  through 
the  series  of  bent  tubes  h  h  h,  where  the  gas  is  cooled  and  any 
tar,  &c.,  still  present  in  the  gas,  is  condensed.  Before  reaching 
the  holder  g  the  gas  has  now  to  be  purified  from  carbonic  acid, 
and  sulphuretted  hydrogen,  and  these  impurities  are  eliminated 
by  allowing  the  gas  to  percolate  through  slaked  lime  con- 
tained on  a  series  of  shelves  enclosed  in  iron  cases ;  oxide  of 
iron  mixed  with  saw-dust  is  now  also  largely  used  for  the  pur- 
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pose.    Carbonic  acid  is  a  very  undesirable  constituent  of  coal 


gas ;  if  present  only  to  the  extent  of  one  per  cent  the  illuminat- 
ing power  of  the  gas  is  diminished  something  like  6  per  cent.. 
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while  the  presence  of  sulphuretted  hydrogen  and  other  gaseous 
sulphur  compounds  give  rise  to  sulphurous  acid,  which  rapidly 
corrodes  oil  paintings,  metal  work,  &c. 

The  illuminating  power  of  coal  gas  depends  upon  the  nature 
and  amounts  of  hydrocarbons  present,  which  are  regulated  by 
(i)  the  quality  of  coal  used,  (2)  the  temperature  of  distillation, 
(3)  the  length  of  time  the  gas  is  in  contact  with  the  heated 
sides  of  the  retorts  and  the  liquid  products  of  the  distillation. 
The  theory  which  is  now  generally  accepted  as  the  cause  of 
luminosity  of  coal-gas  flames  is  that  first  advanced  by  Sir 
Humphry  Davy,  so  long  ago  as  181 7,  who  stated  that  '^the 
intensity  of  the  light  of  flames  depends  principally  upon  the 
production  and  ignition  of  solid  matter  in  combustion."  In 
the  case  of  coal  gas,  candles,  or  oil  burning,  the  solid  matter 
present  is  of  course  carbon,  precipitated  in  the  flame  owing  to 
a  want  of  sufficient  oxygen  for  its  oxidation,  here  it  is  heated 
to  incandescence  by  the  burning  of  the  hydrogen,  marsh  gas, 
&c.,  present  in  the  gas.  The  higher  the  temperature  the 
carbon  particles  are  heated  the  greater  will  be  the  luminosity. 
Pressure  plays  an  important  part  in  the  intensity  of  light 
emitted  by  flames.  It  has  been  found  that  by  an  increase  in 
the  pressure  of  the  atmosphere  in  which  a  flame  is  burning 
there  is  an  increase  in  the  luminosity,  so  that  the  light  emitted 
by  a  candle  on  the  top  of  a  mountain  is  less  than  that  which  is 
produced  at  the  bottom,  although  the  consumption  of  the 
candle  may  be  the  same*  Dr.  Frankland  supposes  the  cause 
of  the  action  of  pressure  upon  the  luminosity  to  be  due  to  the 
alteration  of  density  and  alteration  of  the  mobility  of  the 
oxygen  molecules  in  the  air.  Wartha,  however,  attributes  it  to 
the  effect  of  pressure  on  the  disassociation  point  of  the  hydro- 
carbons burning  in  the  flame,  which  takes  place  more  rapidly 
with  augmented  pressure,  and  therefore  increasing  the  rate  of 
the  liberation  of  carbon. 

In  obtaining  the  illuminating  value  of  gas  advantage  is  taken 
of  the  fact  that  the  intensity  of  light  varies  as  the  square  of  the 
distance.  The  standard  of  light  generally  used  is  that  of  a 
sperm  candle,  six  to  the  pound,  burning  120  grains  per  hour. 
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as  compared  with  the  light  given  by  the  gas  burning  at  the  rate 
of  5  cubic  feet  per  hour.  The  apparatus  used  by  the  gas 
referees  is  the  Bunsen  photometer,  as  modified  by  Letheby,  of 
which  Fig.  70  is  a  sketch. 

It  consists  of  an  experimental  meter  through  which  the 
quantity  of  gas  burnt  in  a  given  time  is  registered.  The  gas  is 
burnt  at  one  end  of  a  graduated  bar,  and  a  couple  of  candles 
suspended  on  one  side  of  a  balance  are  burnt  at  the  other,  and 
a  disc  of  prepared  paper  contained  within  a  sliding  box  is 
saddled  upon  the  bar,  and  which  can  be  made  to  move  be- 
tween the  two  lights,  until  the  opposite  sides  are  equally  illu- 
minated, the  bar  being  graduated  according  to  the  law  that  the 
intensity  of  the  luminosity  varies  as  the  square  of  the  distances. 
Various  precautions  have  to  be  taken  id  order  to  obtain  an 


accurate  result.  The  temperature  and  pressure  must  be  ob- 
served, since  they  influence  the  result ;  the  amount  of  sperm 
burnt  must  be  ascertained ;  the  volume  of  gas  to  be  tested 
must  be  accurately  measured,  and  regulated  by  means  of  a 
governor,  so  as  to  bum  5  cubic  feet  per  hour.  The  testing 
must  be  performed  in  a  dark  room. 

Statutory  B«galatiouB  for  Testing  tlie  lUmnlsstlns 
Power  of  Oas. — The  provisions  in  Schedule  A  of  the  Gas 
Works  Clauses  Act,  1S71,  in  regard  to  the  apparatus  for,  and 
the  mode  of  testing,  the  illuminating  power  of  gas,  are  as 
follows ; — 

Rfguli^ons  in  Sesped  of  Taltttg  Apparatus. — The  apparatus 
for  testing  the  illuminating  power  of  the  gas  shall  consist  of 
the  improved  form  of  Bunsen's  photometer,  known  as  Leiheby's 
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open  60-inch  photometer,  together  with  a  proper  meter,  minute 
clock,  governor,  pressure  gauge,  and  balance. 

The  burner  to  be  used  for  testing  the  gas  shall  be  such  as 
shall  be  prescribed. 

The  candles  used  for  testing  the  gas  shall  be  sperm  candles  of 
six  to  the  pound,  and  two  candles  shall  be  used  together. 

Mode  of  Testing  for  Illuminating  Power, — The  gas  in  the 
photometer  is  to  be  lighted  at  least  fifteen  minutes  before  the 
testings  begin ;  and  it  is  to  be  kept  continuously  burning  from 
the  beginning  to  the  end  of  the  tests. 

£ach  testing  shall  include  ten  observations  of  the  photo- 
meter, made  at  intervals  of  a  minute. 

The  consumption  of  the  gas  is  to  be  carefully  adjusted  to  5 
cubic  feet  per  hour. 

The  candles  are  to  be  lighted  at  least  ten  minutes  before 
beginning  each  testing,  so  as  to  arrive  at  their  normal  rate  of 
burning,  which  is  shown  when  the  wick  is  slightly  bent,  and 
the  top  glowing.  The  standard  rate  of  consumption  for  the 
candles  shall  be  120  grains  each  per  hour.  Before  and  after 
making  each  set  of  ten  observations  of  the  photometer,  the 
gas  examiner  shall  weigh  the  candles,  and  if  the  combustion 
shall  have  been  more  or  less  per  candle  than  120  grains  per 
hour,  he  shall  make  and  record  the  calculations  requisite  to 
tieutrali;ce  the  effects  of  the  difference. 

The  average  of  each  set  of  ten  observations  is  to  be  taken 
as  representing  the  illuminating  power  of  that  testing. 

Instructions  of  the  London  Gas  Referees  as  to  the  Times  and 
Mode  of  Testing  for  Illuminating  Power. — ^The  testings  for  illu- 
minating power  shall  be  three  in  number  daily.  The  photo- 
meters to  be  used  in  the  testing  places  shall  be  the  improved 
forms  of  the  Bunsen  Photometer,  prescribed  and  certified  by 
the  referees.  The  burner  attached  to  the  photometer  shall  be 
a  standard  burner,  corresponding  to  that  which  has  been 
deposited  with  the  Warden  of  the  Standards,  in  accordance 
with  Section  37  of  the  Gaslight  and  Coke  Company's  Act,  1876. 
A  description  of  the  standard  burners  to  be  used  for  testing 
common  gas  and  cannel  gas  respectively  is  given.  (See  page  311). 
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The  gas  in  the  photometer  is  to  be  kept  burning  for  at  least 
fifteen  minutes  before  any  testing  is  made. 

The  disc  used  in  the  photometer  shall  be  either  the  Leeson 
or  the  Bunsen  disc.  The  chimneys  to  be  cleaned  daily.  The 
candles  shall  be  such  as  are  described  in  Section  25  of  the 
Metropolis  Gas  Act  of  1860,  namely,  sperm  candles  of  six  to 
the  pounds  each  burning  120  grains  per  hour.  Two  of  these 
candles  shall  be  used  together.  Each  testing  shall  consist  of 
ten  observations  of  the  photometer  made  at  intervals  of  one 
minute.  The  average  of  each  set  of  observations  is  to  be 
taken  as  representing  the  illuminating  power  for  that  testing. 

The  rate  of  burning  of  the  gas  in  each  burner  shall  be  5 
cubic  feet  per  hour,  a  rate  of  consumption  which  is  shown  by 
the  long  hand  of  the  meter  making  exactly  one  revolution  per 
minute  for  several  minutes  consecutively. 

The  candles  are  to  be  lighted  at  least  ten  minutes  before  the 
beginning  of  each  testing,  so  as  to  have  attained  their  normal 
rate  of  burning.  Before  and  after  making  each  testing  the  gas 
examiner  shall  weigh  the  candles,  and  if  the  rate  of  consump- 
tion per  candle  shall  have  not  exceeded  126  grains  per  hour, 
or  fallen  short  of  114  grains  per  hour,  he  shall  make,  and 
record  in  a  book  to  be  kept  for  the  purpose,  the  calculations 
requisite  to  neutralize  the  effects  of  this  difference.  If  the 
rate  of  consumption  shall  have  varied  from  the  prescribed  rate 
beyond  the  above-named  limits,  the  testing  is  to  be  rejected, 
and  a  fresh  testing  made. 

Instead  of  weighing  the  candles,  the  gas  examiner  may 
observe  the  time  in  which  40  grains  are  burnt  This  must 
not  exceed  10*5  or  fall  short  of  9*5  minutes. 

The  gas  examiner  shall,  at  least  once  a  week,  compare  the 
meter  clock  at  each  testing  place. 

At  the  time  of  each  testing  the  gas  examiner  shall  observe 
and  record  the  temperature  of  the  gas,  as  shown  by  the  thermo- 
meters attached  to  the  meters,  and  also  the  height  of  the  baro- 
meter.  The  volumes  of  the  gas  operated  upon  during  the 
testing  may  be  corrected  from  these  data  (the  standard  of  com- 
parison being,  for  the  barometer,  30  inches,  and  for  the  ther- 
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mometer  60  degrees)  by  means  of  the  tables  (see  page  312). 
Suppose,  for  example,  the  thermometer  stands  at  54  degrees, 
and  the  barometer  at  30*3  inches ;  multiply  the  quantity  of 
gas  consumed  by  the  corresponding  tabular  number^  the  pro- 
duct will  be  the  corrected  volume  of  the  gas,  /.^.,  the  volume 
the  gas  would  have  occupied  when  measured  over  water  at  the 
standard  temperature  and  pressure.  Thus:  Volume  of  gas 
consumed,  5  cubic  feet.  Tabular  number  for  thermometer  and 
barometer,  1*025.  Then  1*025  X  5  =  5*125,  the  corrected 
volume.  The  gas  examiner  shall  record  his  observations  and 
calculations  for  determining  illuminating  power  in  the  form 
described  on  page  314. 

The  calculations  for  working  out  the  corrections,  &c.,  for 
the  illuminating  power  of  the  gas,  proceed  in  the  following 
manner: — Add  the  observations  together,  and  divide  the  sum 
by  10,  to  get  the  average ;  then,  as  two  candles  were  used, 
multiply  by  two,  to  get  the  illuminating  power  of  the  gas  if 
tried  against  one  candle.  Then,  as  the  standard  rate  of  con- 
sumption of  the  candles,  viz.,  120  grains,  is  to  the  average 
number  of  grains  consumed  by  each  per  hour,  so  is  the  above 
obtained  number  to  the  actual  illuminating  power.  Finally 
make  the  correction  for  temperature  and  pressure  by  dividing 
the  illuminating  power  by  the  tabular  number;  forexample, 
taking  the  tabular  number  as  1*025  • — 

Observations. 

1st  minute 7*8 

2nd     „ 7-8 

3rd     „ 81 

4th     ,, 8*2 

Slh 8-3 

6th     , 85 

7th     „ 8-6 

8th      „ 8-4 

9th 8-3 

loth     „ 8*6 


10 


)82-6 


Average  by  2  candles  =  8*26 

2 

Average  by  i  candle  =16-52 
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Average  by  i  candle    .        •        =:  16*52 
Consumption  by  1  candle  per  hour     123  grains 

4956 

3304 
1652 


Standard  consumption  '120)203 196 

Correction  for  temp,  and  press.  *l025Ji6933(  16-5  corrected  Illam. 

1025      Power  in  candles. 

6683 
6150 


5330 


The  foregoing  calculation  can  be  shortened  as  follows^  which 
the  form  prescribed  on  page  308, 


Average  by  2  candles        .        .        •       8*26 
Consumption  by  2  candle  in  10  minutes      41  grains 

826 
3304 


1)33866 


Tabular  number  '1025)16933^6*5  =  corrected  Ilium. 

1025        Power  in  candles. 

"668^ 
6150 


5330 


TIu  Standard  Burner, — ^The  burner  which  has  been  adopted 
as  the  Standard  burner  for  testing  common  gas  was  designed 
by  Mr.  Sugg,  and  was  called  by  him  ''  Sugg's  London  Azgand, 
No.  I." 

An  illustration  is  appended  (Fig.  71,  p.  311)1  in  which  a 
represents  a  supply-pipe  in  section,  half  size ;  b  the  gallery  ] 
C  the  cone ;  d  the  steatite  chamber;  £  the  chimney. 
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The  following  are  the  dimensions  of  those  parts  of  the  bumei 
upon  which  its  action  depends : — 


Inch. 
Diameter  of  supply-pipes  .    0*08 

External  diameter  of  annular  stea- 
tite chamber       ....    0*84 

Intemal  diameter  of  amiular  stea- 
tite chamber      ....    0*48 

Number  of  holes   ...      34 

Diameter  of  each  hole  .  .    0*045 

Internal  diameter  of  cone — 

At  the  bottom        .  •     i'5 

At  the  top     ....     1*08 
Height  of  upper  surface  of  cone  and 
of  steatite  chamber  above  floor  of 

gallery 075 

Height  of  glass  chimney        .        .    6 
Intemal  diameter  of  chimney  1} 

The  Standard  burner  for  testing 
cannel  gas  is  a  steatite  batswing 
burner,  consisting  of  a  cylindrical 
stem,  the  top  of  which  is  divided  by 
a  slit  of  uniform  width.  The  burner 
is  of  the  following  dimensions  : — 


External  diameter  of  top  of  stem 
Intemal  diameter  of  stem 
Width  of  slit 
Depth  of  slit. 


Inch. 
0-31 

0*17 

0*02 

0-15 


Fio.  7r. 


On  the  two  following  pages  will  be  found  a  table  to  facilitate 
the  correction  of  the  volume  of  gas  at  different  temperatures 
and  under  different  atmospheric  pressures,  and  at  p.  314  is 
given  the  form  of  report  to  be  made  by  the  gas  examiner ; — 


A  A 


312 
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TABLE  TO  FACILITATE  THE  CORRECTION  OF  THE  VOLUME  OF  GAS  AT  DIFFERENT 


BAR. 

THER. 
40« 

42° 

44*^ 

46° 

48® 

50° 

52° 

54° 

56° 

580 

6o» 

28'0 

•979      -974 

•970 

•965 

•960 

•956 

*95i 

•946 

942 

.937 

932 

28- 

•983 

•978 

■973      "969 

964 

•959 

•955 

•951 

•945 

•941 

•936 

28- 

*986 

'981 

•977      '972 

•967 

*963 

•958 

•953 

•949 

•944 

939 

^8*3 

•990 

•985 

•980 

-976 

•971 

966 

961 

•957 

*952 

947 

•942 

28-4 

'993 

*988 

•984      -979 

*974 

•970 

•965 

960 

■955 

•951 

•946 

28-5 

•997!     992 

•987      "983 

•978 

*973 

*968 

•964 

•959 

•954 

•949 

28-^ 

I'ooi      '995 

•991 

•986 

*98i 

•977 

972 

•967 

962 

958 

•953 

28- 

roo4,    -999 

•994'    -990 

1 

*985 

*98o 

*975 

•970 

966 

•961 

•956 

I '007    I "003 

•998 

•993 

•988 

984 

•979 

•974 

•969 

964 

•959 

28-9 

I'oii    i'oo6 

1 

Z*OOI 

•997 

•992 

•987 

*982 

*977 

•973 

'968 

•963 

29*0 

1*0x4     X'OIO 

i'005 

1*000 

•995 

*990 

986 

*98x 

976 

•971 

•966 

29*1 

I'oiS    i'oi3 

I '008 

z'004 

999 

•994 

989 

•984 

•979 

•975 

•969 

29*2 

I'02I      I '017 

1*012 

1*007 

1*002 

*997 

•992 

-988 

*982 

•978 

•973 

29'3 

Z'025     I'020 

] 

1015 

I'OII 

1*006 

1*001 

•996 

*99i 

*986 

•981 

976 

29'4 

1*028    1*024 

1*019 

1*014 

1*009 

1*004 

999 

•995 

990 

•985 

*98o 

29-5 

1*032      I '027 

1*022 

i'oz8 

1*013 

1*008 

1*003 

•998 

•993 

*988 

•983 

29-6 

1*036    1*031 

1*026 

1*021 

1*016 

1*011 

1*006 

I'OOl 

996 

•992 

986 

297 

1*039  1034 

1 

1*029 

I '025 

1*019 

1*015 

1*010 

1*005 

I'OOO 

•995 

•990 

298 

1043   1038 

1*033    I '028 

1*023 

1*018 

1*013 

1008 

1*003 

•998 

•993 

299 

Z'046    1*041 

1036 

1*031 

1*026 

I '022 

1*017 

101 2 

1*007 

I*002 

•997 

30-0 

1*050    1*045 

1*040 

1*035 

1*030 

1*025 

I '020 

1*015 

I  0x0 

1*005 

1*000 

30"  I 

1053    1*048 

1*043 

1*038 

1*033 

1*029 

1*024 

1*019 

i'oi4 

1*009 

1*003 

302 

1057    1*052 

1*047 

1*042 

1037 

1*032 

1*027 

1*022 

1*017 

1*012 

1*007 

30-3 

1*060    1*055 

1*050 

1*045 

1*040 

1*036 

1030 

1*025 

1*020 

i'oi5 

I'OXO 

30-4 

1*064    I '059 

1054 

1*049 

1*044 

1039 

1*034 

1*029 

1*024 

1*019 

1*014 

305 

1*067    I '062 

1057 

1*052 

1*047 

1*042 

1*037 

1*032 

1*027 

I '022 

1*017 

30-6 

1*071    1*066 

1*061 

1056 

1*051 

1046 

1*041 

1*036 

1*031 

1*026 

1*020 

307 

1*074    1*069 

1*064 

1*059 

1*054 

1*049 

1*044 

1*039 

1034 

1*029 

1*024 

30-8 

1*078   1*073 

ro68 

1*063 

1058 

1053 

1*048 

1043 

1*037 

1*032 

1*027 

309 

ro8i 

1*076 

1*071 

i'o66 

I  061 

1056 

1051 

1*046 

1*041 

1*036 

1*031 

31*0 

1085 

1080 

1*075 

1*070 

X065 

i*o6o 

XO55 

1*049 

1044 

1*039 

1*034 

*«*  The  numbers  in  the  above  table  have  been  re-calculated  from  the  formala 
the  temperature  on  the  Fahrenheit  scale,  and  a  the  tension  of  aqueous  vapour  at  /^. 
volume  at  60**  and  30  inches  pressure,  V  =  v  n. 
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Temperatures  and  under  Different  Atmospheric  Pressures. 


THER. 

■ 

BAR. 

62° 

64° 

66° 

68^' 

70° 

72° 

74*^ 
•897 

76- 
•892 

78O 
•887 

So"* 

82«> 

84° 

280 

•927 

•922 

•917 

'912 

•907 

•902 

*88i 

•875 

870 

281 

•930 

•926 

*92I 

*9i6 

•911 

905 

•900 

•895 

'890 

•884 

•879 

•873 

28-2 

•934 

•929 

*924 

•919 

914 

•909 

•904 

898 

•893 

•887 

•882 

•876 

28-3 

•937 

•932 

'928 

•922 

•917 

*9I2 

•907 

'902 

•896 

*89i 

•885 

880 

28*4 

•941 

•936 

•931 

'926 

•92X 

•915 

'910 

•905 

.900 

•894 

•888 

•883 

285 

•944 

•939 

•934 

•929 

•924 

919 

•914 

•908 

•903 

897 

'892 

'886 

286 

'947 

•943 

•938 

•932 

•927 

*922 

917 

'912 

•906 

•901 

•895 

'889 

28*7 

•951 

•946 

•941 

•936 

•931 

925 

'920 

•915 

•909 

904 

•898 

•893 

288 

•954 

•949 

•944 

•939 

•934 

•929 

•924 

*9i8 

•913 

•907 

•901 

•896 

28-9 

•958 

•953 

•948 

•942 

•937 

932 

927 

■921 

•916 

•910 

•905 

•899 

290 

•961 

•956 

•951 

•946 

•941 

•935 

•930 

•925 

•919 

•914 

908 

•903 

29*1 

•964 

•959 

•954 

*949 

•944 

•939 

•933 

•928 

•923 

•917 

•911 

•906 

29*2 

•968 

•963 

•958 

•952 

•947 

•942 

•937 

•931 

•926 

•920 

•914 

•909 

29'3 

•97> 

•966 

•961 

•956 

•950 

•945 

940 

•935 

•929 

•923 

*9i8 

*9X2 

294 

•975 

969 

•964 

•959 

•954 

•949 

•943 

•938 

•932 

•927 

'921 

•915 

29-5 

•978 

•973 

'968 

'962 

•957 

•952 

•947 

•941 

•936 

•930 

■924 

9x9 

29*6 

'981 

•976 

•971 

•966 

•960 

•955 

•950 

•944 

•939 

•933 

•927 

*922 

29-7 

•985 

•980 

•974 

•969 

•964 

•959 

•953 

•948 

•942 

•937 

•931 

925 

298 

•988 

•983 

•978 

•972 

•967 

'962 

•957 

'951 

•946 

•940 

•934 

928 

299 

•991 

•986 

•981 

•976 

•970 

•965 

•960 

•954 

■949 

•943 

'937 

•93a 

300 

•995 

•990 

•985 

•979 

•974 

•968 

•963 

•958 

•952 

•946 

•941 

•935 

30' I 

•998 

•993 

*988 

•983 

•977 

•972 

•966 

•961 

•955 

•950 

•944 

•938 

30-2 

I -002 

•996 

•99X 

•986 

•980 

•975 

•970 

•964 

•959 

•953 

•947 

•941 

303 

i'005 

I'OOO 

•995 

•989 

•984 

•978 

•973 

•968 

•962 

•956 

950 

•945 

30-4 

1*008 

1*003 

•998 

•993 

•987 

'982 

976 

•971 

•965 

•959 

•954 

•948 

30-5 

I '012 

I '006 

I'OOX 

•996 

•990 

•985 

*98o 

•974 

•969 

•963 

■957 

•951 

30*6 

i'oi5 

I'OIO 

1*005 

•999 

•994 

'988 

•983 

•977 

•972 

•966 

•960 

•954 

307 

x'oi8 

1*013 

x*oo8 

1*003 

•997 

•992 

986 

•98X 

•975 

'969 

•963 

'957 

30*8 

I '022 

1*0x7 

X'OIX 

x*oo6 

x'ooa 

•995 

•990 

•984 

•978 

•972 

•967 

•961 

309 

1025 

X*020 

X'ox5 

1*009 

1*004 

•998 

•993 

•987 

•982 

•976 

970 

•964 

310 

x'029 

1*033 

i'oi8 

I '0x3 

1*007 

I '002 

996 

•99X 

985 

*979 

•973 

•967 

n  ^JlL^ISLzJI}'  where  h  ie  the  height  of  the  barometer  in  inches,  t 

460  -f'  / 
If  V  i$  any  volome  at  t^  and  h  inches  pressure,  and  V  the  corresponding 
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two  candles  i 
in  ten  mtn.    / 

Obtervaiions, 
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2nd  „ 

3rd 
4th 
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8th 
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') 
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it 
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Illuminating  Power  for 
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*f 
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»» 
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i» 
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»f 
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>» 
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M 

9th 

»» 

loth 

If 

Ta'  ular 
number ' 


Candles. 


Consumption  \ 
of  sperm  by  1  __ 
two  candles  i 
in  ten  min.    / 

ObservaiioHS, 


1st  min. 
2nd  „ 

3rd  „ 

4th  „ 

5th  „ 

6th  „ 

7th  „ 

8th  „ 

9th  „ 
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InstFuotiona  of  the  Loudon  Oas  Befereee  u  to  tha 
Times  and  Mode  of  Testing  for  Parity. — The  testings  for 
purity  shall  extend  over  twenty  hours  of  each  day,  and  shall  be 
made  upon  ten  cubic  feet  of  gas,  which  shall  be  tested  succes- 
sively for  each  of  the  following  impurities : — 

I.  Sulphuretted  Hydrogen. — The  gas  shall  be  passed  as  it 
leaves  the  Eervice-pipe  through  an  apparatus  (Fig.  73)  in  which 
are  suspended  slips  of  bibulous  paper,  im- 
pregnated with  basic  acetate  of  lead. 

The  test-paper  from  which  these  slips  are  cut 
is  to  be  prepared  from  time  to  time  by  moisten- 
ing sheets  of  bibulous  paper  with  a  solution 
of  one  part  of  sugar  of  lead  in  eight  or  nine 
parts  of  water,  and  holding  each  sheet  while 
still  damp  over  the  surface  of  a  strong  solution 
of  ammonia  for  a  few  moments.  As  the  paper 
dries  all  free  ammonia  escapes. 

If  any  discolouration  of  the  slip  of  test- 
paper  is  found  to  have  taken  place,  this  is 
to  be  held  conclusive  as  to  the  presence  of 
sulphuretted  hydrt^en  in  the  gas.  Fresh 
test-slips  are  to  be  placed  in  the  apparatus 
every  day.  '"■  "* 

In  the  event  of  any  impurity  being  dis- 
covered, one  of  the  test-slips  shall  be  placed  in  a  stoppered 
bottle  and  kept  in  the  dark  at  the  testing-place ;  the  remaining 
slips  shall  be  forwarded  with  the  daily  report. 

II.  Ammonia. — The  gas  which  has  been  tested  for  the  sul- 
phuretted hydrogen  shall  pass  next  through  an  apparatus  con- 
sisting of  a  glass  cylinder  filled  with  glass  beads,  which  have 
been  moistened  with  a  measured  quantity  of  standard  sulphuric 
acid.    A  set  of  burettes,  properly  graduated,  is  provided. 

The  maximum  amount  of  ammonia  allowed  is  4  grains  per 
100  cubic  feet  of  gas,  and  the  testings  shall  be  made  so  as  to 
show  the  exact  amount  of  ammonia  in  the  gas. 
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Two  test-solutions  are  to  be  used — one  consisting  of  dilute 
sulphuric  acid  of  such  strength  that  25  measures  (septems) 
will  neutralize  i  grain  of  ammonia;  the  other  a  weak  solu- 
tion of  ammonia,  100  measures  of  which  contain  i  grain  of 
ammonia. 

The  correctness  of  the  result  to  be  obtained  depends  upon 
the  fulfilment  of  two  conditions : — 

1.  The  preparation  of  test -solutions  having  the  proper 
strength. 

2.  The  accurate  performance  of  the  operation  of  testing. 
To  prepare  the  test-solutions  the  following  processes  may  be 

used  by  the  gas  examiner : — 

Measure  a  gallon  of  distilled  water  into  a  clean  earthenware 
jar,  or  other  suitable  vessel.  Add  to  this  94  septems  of  pure 
concentrated  sulphuric  acid,  and  mix  thoroughly.  Take  exactly 
50  septems  of  the  liquid  and  precipitate  it  with  barium  chloride 
in  the  manner  prescribed  for  the  sulphur  test.  The  weight  of 
barium  sulphate  which  50  septems  of  the  test-acid  should  yield 
is  13-8  grains.  The  weight  obtained  with  the  dilute  acid  pre- 
pared as  above  will  be  somewhat  greater,  unless  the  sulphuric 
acid  used  had  a  specific  gravity  below  i  84. 

Add  now  to  the  dilute  acid  a  measured  quantity  of  water, 
which  is  to  be  found  by  subtracting  13*8  from  the  weight  of 
barium  sulphate  obtained  in  the  experiment,  and  multiplying 
the  difference  by  726.  The  resulting  number  is  the  number  of 
septems  of  water  to  be  added. 

If  these  operations  have  been  accurately  performed,  a  second 
precipitation  and  weighing  of  the  barium  sulphate  obtainable 
from  50  septems  of  the  test-acid  will  give  nearly  the  correct 
number  of  13*8  grains.  If  the  weight  exceeds  13*9  grains,  or 
falls  below  137  grains,  more  water  or  sulphuric  acid  must  be 
added,  and  fresh  trials  made,  until  the  weight  falls  within  these 
limits.  The  test-acid  thus  prepared  should  be  transferred  at 
once  to  stoppered  bottles,  which  have  been  well  drained  and 
are  duly  labelled. 

To  prepare  the  standard  solution  of  ammonia,  measure  out 
as  before  a  gallon  of  distilled  water,  and  mix  with  it  50  septems 
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of  strong  solution  of  ammonia  (sp.  gr.  o'88)*  Try  whether 
100  septems  of  the  test-alkali  thus  prepared  will  neutralize  25 
of  the  test-add,  proceeding  according  to  the  directions  given 
subsequently  as  to  the  mode  of  testing.  If  the  acid  is  just 
neutralized  by  the  last  few  drops,  the  test-alkali  is  of  the  re- 
quired strength.  But  if  not,  small  additional  quantities  of 
water,  or  of  strong  ammonia  solution,  must  be  added,  and  fresh 
trials  made,  until  the  proper  strength  has  been  attained.  The 
bottles  in  which  the  solution  is  stored  should  be  filled  nearly 
full  and  well  stoppered. 

The  mode  of  testing  is  as  follows : — Take  50  septems  of  the 
test-acid  (which  is  greatly  in  excess  of  any  quantity  of  ammonia 
likely  to  be  found  in  the  gas)  and  pour  it  into  the  glass  cylin- 
der, so  as  to  well  wet  the  whole  interior  surface,  and  also  the 
glass  beads.  Connect  one  terminal  tube  of  the  cylinder  with 
the  gas  supply  and  the  other  with  the  meter,  and  make  the 
gas  pass  at  the  rate  of  about  half  a  cubic  foot  per  hour.  Any 
ammonia  that  is  in  the  gas  will  be  arrested  by  the  sulphuric 
acid,  and  a  portion  of  the  acid  (varying  with  the  quantity  of 
ammonia  in  the  gas)  will  be  neutralized  thereby.  At  the  end 
of  each  period  of  testing,  wash  out  the  glass  cylinder  and  its 
contents  with  distilled  water,  and  collect  the  washings  in  a  glass 
vessel.  Transfer  one-half  of  this  liquid  to  a  separate  glass 
vessel,  and  add  a  quantity  of  a  neutral  solution  of  haematoxylin 
or  litmus  just  sufficient  to  colour  the  liquid.  Then  pour  into 
the  burette  100  septems  of  the  test-alkali,  and  gradually  drop 
this  solution  into  the  measured  quantity  of  the  washings  col- 
lected, stirring  constantly.  As  soon  as  the  colour  changes 
(indicating  that  the  whole  of  the  sulphuric  acid  has  been  neu«. 
tralized),  read  off  the  quantity  of  liquid  remaining  in  the 
burette.  To  find  the  number  of  grains  of  ammonia  in  too 
cubic  feet  of  the  gas,  multiply  by  2  the  number  oi  septems  of 
test-alkali  remaining  in  the  burette,  and  move  the  decimal 
point  one  place  to  the  left. 

The  remaining  half  of  the  liquid  is  to  be  preserved  for  a  week 
in  a  bottle  duly  labelled. 
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III. — Sulphur  Compounds  other  than  Sulphuretted  Hydrogen. 
— The  gas  which  has  been  tested  for  sulphuretted  hydrogen 
and  ammonia  shall  pass  next  through  a  meter,  by  means  of 
which  the  rate  of  flow  can  be  adjusted  to  half  a  cubic  foot  per 
hour,  and  which  is  provided  with  a  self-acting  movement  for 
shutting  off  the  gas  when  ten  cubic  feet  have  passed. 

The  testing  shall  be  made  in  a  room  where  no  gas  is  burnt 
other  than  that  which  is  being  tested  for  sulphur  and  ammonia. 

The  apparatus  to  be  employed  is  represented  by  the  diagram 
(Fig.  58),  and  is  of  the  following  description: — The  gas  is 
burnt  in  a  small  Bunsen  burner  with  steatite  top,  which  is 
mounted  on  a  short  cylindrical  stand,  perforated  with  holes  for 
the  admission  of  air,  and  having  on  its  upper  surface  a  deep 
circular  channel  to  receive  the  wide  end  of  a  glass  trumpet- 
tube.  On  the  top  of  the  stand,  between  the  narrow  stem  of 
the  burner  and  the  surrounding  glass  trumpet-tube,  are  to  be 
placed  pieces  of  commercial  sesqui- carbonate  of  ammonia 
weighing  in  all  about  2  ounces. 

The  products  both  of  the  combustion  of  the  gas  and  of  the 
gradual  volatilization  of  the  ammonia  salt  go  upwards  through 
the  trumpet-tube  into  a  vertical  glass  cylinder,  packed  with  balls 
of  glass,  to  break  up  the  current  and  promote  condensation. 
From  the  top  of  the  cylinder  there  proceeds  a  long  glass  pipe 
or  chimney,  serving  to  effect  some  further  condensation,  as  well 
as  to  regulate  the  draught  and  afford  an  exit  for  the  unconden- 
sable  gases.  In  the  bottom  of  the  cylinder  is  fixed  a  small 
glass  tube,  through  which  the  liquid  (formed  during  the  testing) 
drops  into  a  beaker  beneath. 

The  following  cautions  are  to  be  observed  in  selecting  and 
setting  up  the  apparatus : — 

See  that  the  inlet-pipe  fits  gas-tight  into  the  burner,  and 
that  the  holes  in  the  circular  stand  are  clear.  If  the 
burner  gives  a  luminous  flame  remove  the  top  piece,  and, 
having  hammered  down  gently  the  nozzle  of  soft  metal, 
perforate  it  afresh,  making  as  small  a  hole  as  will  give 
passage  to  half  a  cubic  foot  per  hour  at  a  convenient 
pressure. 
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See  thai  the  tubulure  of  the  condenser  has  an  internal 
diameter  of  not  less  than  f  inch,  and  that  its  outside  is 
smooth  and  of  the  same  size  as  the  small  end  of  the 
trumpet-tube. 

See  that  the  short  piece  of  india-rubber  pipe  fits  tightly 
both  to  the  trumpet-tube  and  to  the  tubulure  of  the  con- 
denser. 

The  small  tube  at  the  bottom  of  the  condenser  should 
have  its  lower  end  contracted,  so  that  when  in  use  it  may 
be  closed  by  a  drop  of  water. 

The  india-rubber  pipe  at  the  lower  end  of  the  chimney- 
tube  should  fit  into,  and  not  simply  rest  upon,  the  mouth 
of  the  condenser,  and  the  upper  extremity  of  this  tube  may 
with  advantage  be  given  a  downward  curvature. 

At  the  end  of  each  period  of  testing,  the  cylinder  and 
trumpet-tube  are  to  be  well  washed  out  with  distilled  water. 
Fresh  pieces  of  sesqui-carbonate  of  ammonia  are  to  be  used 
each  day. 

The  gas  examiner  shall  then  proceed  as  follows : — 

The  liquid  in  the  beaker  and  the  water  used  in  washing  out 
the  apparatus  shall  be  put  into  the  same  vessel,  well  mixed, 
and  measured.  One-half  of  the  liquid  so  obtained  is  10  be  set 
aside,  and  preserved  for  a  week,  properly  labelled,  in  case  it 
should  be  desirable  to  verify  the  correctness  of  the  testing. 

The  remaining  half  of  the  liquid  is  to  be  put  into  a  flask,  or 
beaker  covered  with  a  large  watch-glass — treated  with  hydro- 
chloric acid  in  sufficient  quantity  to  leave  an  excess  of  acid  in 
the  solution — and  then  raised  to  the  boiling  point.  An  excess 
of  a  solution  of  barium  chloride  is  now  to  be  added,  and  the 
boiling  continued  for  five  minutes.  The  vessel  and  its  contents 
are  to  be  allowed  to  stand  till  the  barium  sulphate  settles  at 
the  bottom  of  the  vessel,  after  which  the  clear  liquid  is  to  be  as 
far  as  possible  poured  off  through  a  paper  filter.  The  remaining 
liquid  and  barium  sulphate  are  then  to  be  poured  on  to  the 
filter,  and  the  latter  well  washed  with  hot  distilled  water.  (In 
order  to  ascertain  whether  every  trace  of  barium  chloride  and 
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ammonium  chloride  has  been  removed,  a  small  quantity  of  the 
washings  from  the  filter  should  be  placed  in  a  test-tube,  and  a 
drop  of  a  solution  of  silver  nitrate  added ;  should  the  liquid, 
instead  of  remaining  perfectly  clear,  become  cloudy,  the  wash- 
ing must  be  continued  until,  on  repeating  the  test,  no  cloudi- 
ness is  produced.)  Dry  the  filter  with  its  contents,  and  transfer 
it  into  a  weighed  platinum  crucible.  Heat  the  crucible  over  a 
lamp,  increasing  the  temperature  gradually,  from  the  point  at 
which  the  paper  begins  to  char,  up  to  bright  redness.  When 
no  black  particles  remain,  allow  the  crucible  to  cool ;  place  it 
when  nearly  cold  in  a  desiccator  over  strong  sulphuric  acid, 
and  again  weigh  it.  The  difference  between  the  first  and 
second  weighings  of  the  crucible  will  give  the  number  of  grains 
of  barium  sulphate.  Multiply  this  number  by  ii  and  divide 
by  4 ;  the  result  is  the  number  of  grains  of  sulphur  in  loo  cubic 
feet  of  the  gas. 

This  number  is  to  be  corrected  for  the  variations  of  tempera- 
ture and  atmospheric  pressure  in  the  manner  indicated  under 
the  head  of  Illuminating  Power  (see/^x/),  with  this  difference, 
that  the  readings  of  the  barometer  and  thermometer  are  to  be 
taken  for  the  day  on  which  the  testing  commenced  and  also 
the  day  on  which  it  closed ;  and  the  mean  of  the  two  is  to 
be  used. 

This  correction  may  be  made  most  simply  and  with  sufficient 
accuracy  in  the  following  manner  : — 

When  the  tabular  number  is   between  955-965,  966-975, 
976-985,  986-995,  increase  the  number  of  grains  of  sulphur  by 
xl^iyths,  T*ffths,  Troths,  xJoth. 

When  the  tabular  number  is  between  996-1005,  no  correc- 
tion need  be  made. 

When  the  tabular  number  is  between  1006-1015,  1016-1025, 
1026-1035,  diminish  the  number  of  grains  of  sulphur  by  riirtht 
I  Joths,  iS^oths. 

{Barometer  (mean)  .        •  29*4 

Thermometer  (mean)     ...       58 
Tabular  number    ....    985 
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Grains  of  barium  sufphate  from  5  cubic  feet  of  gas                 .        •      4'3 
Multiply  by  II,  and  divide  by  4 11 


4)47*3 


Grains  of  sulphur  in  100  cubic  feet  of  gas  (uncorrected)          •        •    11*82 
Add  II-8  Xt*if= -24 

Grains  of  sulphur  in  100  cubic  feet  of  gas  (corrected)     .  .12-06 

[Result:  12' i  grains.] 

As  to  the  Maximum  Amounts  of  Impurity  in  each  Form  ivith 
which  the  Gcls  shall  be  allowed  to  be  Charged, 

Sulphuretted  Hydrogen, — By  the  Acts  of  Parliament  all  gas 
must  be  wholly  free  from  this  impurity. 
Ammonia, — The  maximum  amount  of  this  impurity  shall  be 

4  grains  per  100  cubic  feet  of  gas. 

Sulphur  Compounds  ot/ier  than  Sulphuretted  Hydrogen. — The 
maximum  amount  of  sulphur  with  which  gas  shall  be  allowed 
to  be  charged  shall  be  22  grains  of  sulphur  in  every  100  cubic 
feet  of  gas* 

Method  of  Valuing  Coal  for  Gas  Making. — ^An  elemen- 
tary analysis  of  a  coal  is  not  by  any  means  a  good  criterion  as 
to  the  amount  and  quality  of  gas  that  can  be  produced  from  it. 
In  large  gas-works  there  is  generally  a  miniature  gas-works 
which  is  used  to  value  various  coals  for  their  gas,  tar,  and 
ammoniacal  liquor.  Newbigging  uses  an  apparatus  capable  of 
distilling  or  carbonizing  ir^  of  a  ton,  =  2*24  lbs.,  at  a  time. 
Fig.  73  is  a  sketch  of  such  an  apparatus. 

It  consists  of  a  cast-iron  D-shaped  retort,  a,  of  i-inch  metal, 

5  inches  wide,  4^  inches  high  inside,  2  feet  3  inches  long  out- 
side ;  an  ascension-pipe,  b,  of  2-inch  wrought  iron,  connected 
with  a  i^inch  wrought  iron  tube,  c,  to  the  condenser,  d,  con- 
sisting of  twelve  vertical  i^inch  wrought  tubes  3  feet  6  inches 
long ;  these  are  attached  to  the  waster,  s,  i  foot  long,  6  inches- 
wide,  and  6  inches  deep,  and  connected  to  the  purifier,  s. 


322  GASWORKS  PRODUCTS. 

which  is  I  foot  2  inches  square,  13  inches  deep,  and  contains 
two  trays  for  lime ;  the  gas-holder,  g,  has  a  capacity  of  is  cubic 
feet,  and  has  a  graduated  scale  attached  so  that  the  volume  of 
gas  produced  can  be  at  once  observed. 

On  starting  a  test  of  a  sample  of  coal  it  is  of  course  very 
essential  that  an  average  sample  is  taken,  and  small  pieces, 
about  the  size  of  a  walnut,  used.  Three  quantities  of  314  lbs. 
each  will  be  found  sufficient  to  give  a  reliable  opinion  as  to  the 
value  of  the  coal.  The  retort  must  be  6rst  got  up  to  a  bright 
red  heat  before  the  charge  is  introduced,  and  must  be  main- 
tained at  this  temperature  during  the  whole  of  the  distillation. 


The  time  required  to  carbonize  each  charge  of  2-24  lbs.  will  be 
from  40  to  60  minutes.  The  tar  and  ammoniacal  liquor  pro- 
duced are  drained  out  of  the  condensers  and  washers  into  the 
graduated  test-glasses,  h  h,  and  measured ;  after  the  volume  of 
gas  has  been  read  off  its  illuminating  power  may  be  deduced 
by  the  method  described  on  page  307.  The  coke  is  drawn  out 
of  the  retorts  into  a  bucket  provided  with  a  lid  and  surrounded 
with  cold  water,  and  when  cool  its  weight  is  ascertained  and 
calculated  per  ton  ofcoaL 
The  following  are  results  obtained  for  various  kinds  of  coal ' — 
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Cubic  feet 

Illamina- 

Coke  per 

Ash  in 

Name  of  coal. 

of  gat 

ting^  power 

ton  of  coal 

coal 

per  ton. 

—candles. 

in  lbs. 

percent. 

Ebbw  Vale  (Graig  Fawr). 

9.800 

1550 

l!o86 

275 

SuDybank  Cannel    . 

12,000 

36-50 

15-5 

Boghead        ,, 

M.SSo 

30-6 

1,015 

7*5 

Newcastle      ,, 

ii«j6o 
10,850 

28-0 

1,350 

91 

Adwalton      „ 

20-2 

1,300 

5-8 

Wigan           „ 

11,200 

22-5 

1,420 

5*5 

Llantwit  (bituminous] 

9,708 

1830 

'.315 

S'o 

Aberhceg            „ 

8,886 

i7*io 

1,590 

4*5 

Abercnm            „ 

12,200 

16-00 

I4IO 

6-0 

Radstock            ,, 

10,250 

1825 

I,3'0 

5-85 

Caleford              „ 

9,500 

X615 

1.355 

776 

Haitlcy               „ 

10,500 

I2Q0 
12-85 

1.435 
1,558 

3-50 

New  Pelton        „ 

10,480 

275 

Hndley  Field    ,, 

10,750 

1550 

1,320 

525 

Lydney               ,, 
Thorncliflfe          „ 

9,500 

15-55 

1.350 

6-25 

10,500 

1650 

1,435 

365 

Gosforth              „ 

10,025 

1345 

1,450 

550 

Ammoziiaoal  Liquor. 

The  ammoniacal  liquor  of  the  gas-works,  which  derives  its 
ammonia  from  the  nitrogen  present  in  the  coal  from  which  it 
is  distilled,  is  a  complicated  solution  containing  a  number  of 
ammoniacal  compounds,  of  which  the  following  is  a  list : — 

{a)  Volatile  at  ordinary  Temperatures. 

Free  ammonia. 

AmmoDium  carbonates  (mono,  sesqni,  and  bi). 

sulphide. 

bisulphide. 

acetate. 

cyanide. 


(b)  Fixed  at  ordinary  Temperatures. 

Ammonium  sulphate, 
sulphite, 
hyposulphite, 
tbiocarbofute. 
chloride. 
sulphoc3ranate. 
ferrocyanide. 


», 
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together  with  smaller  portions  of  tarry  matters,  such  as  phenol, 
benzol,  &c.,  pyridine,  salts,  &c. 

Gas  liquor  is  principally  used  for  the  production  of  sulphate 
of  ammonia,  much  used  as  a  manure,  and  its  value  for  this 
purpose  depends  upon  the  proportion  of  total  ammonia  (free 
and  combined)  that  it  contains.  Of  the  total  ammonia  from  the 
liquor  produced  from  English  coals  15  to  20  per  cent,  is  in  the 
"fixed"  state. 

The  following  interesting  table  by  Gerlach  shows  the  amount 
of  total  ammonia  contained  in  the  ammoniacal  liquors  from 
various  German  and  English  coals : — 


Coal  DiitiUed. 


German  Coals, 

ZMrickau  coal  and  Bohemian  lignite 
Zwickau  and  Burgk  coil 
Bnrgk  coal 
Ruhr  coal 

» 
»» 

Saar  coal 

II 

it 
Silesian  coal 


If 


i» 


and  Bohemian  lignite 

English  Coals. 

Cannel  coal :  boghead 
English  coal     .... 


II 
II 


II 

11 


II        >i 
Leveraon  Wallsend 


English  coal 

NewPelton:  Ravensworth 

Old  Pelt  on  Main      .... 

English  coal 

Old  Pelton  Main :  Levemtn  Wallsend 


ffnas.NH| 
per  ICO  cc. 


0*908 

1*812 
1*292 
1-826 
1*278 

1*574 
1523 

1*870 

2*339 
1*290 

1*030 


2 -88 1 

3*514 
2*659 

2*244 

2*142 

2*366 

2*407 

'•785 

1*717 

2*966 
1*345 


degs. 
Baain6. 


;:i 


1*66 

1*1 

2- 

2*1 

1*75 
2*25 

2*5 
3*2 

yo 

2*0 


3*75 
4*0 

30 

3*3 

3*5 
4*0 

4*0 

2*75 
3*0 

3*0 
3*o 
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Leipzig 

Dresden 

Freiberg    - 

Bonn 

Eupen 

Cologne 

Dortmund 

Augsberg 

Treves 

Zurich 

Berlin 

Pest 

Prague 

Hamburg 

Stettin 

St.  Petersburg 

Trieste 

Stralsund 

Altona 

Copenhagen 

Riga 

Konigsberg 

Stettin 

Dantdc 


The  ValuaUon  of  Ammoniacal  Liquor. — W«  shall  here  only 
make  a  determination  of  the  free  and  combined  ammonia  with 
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the  amount  of  lime  required  and  its  cost  for  expelling  the  com- 
bined ammonia.  A  method  much  used  for  valuing  liquors  is  to 
obtain  the  specific  gravity  of  them,  and  by  referring  to  a  table 
the  percentage  of  ammonia  is  obtained ;  but  owing  to  the 
difference  in  density  of  the  various  ammonium  salts  present, 
this  method  might  be  considered  practically  worthless.  The 
following  table  by  Siedel  shows  the  differences  in  the  percentage 
of  ammonia  in  different  liquors  of  the  same  specific  gravity 
at  is°  C. :— 


Degrees,  Baum6 

2 

a-5 

3 

3*5 

4 

45 

5 

6 

Specific  gravity  .    . 

x'0138 

1*0x63 

X*0208 

10249 

1*0280 

1*03x6 

x*o35a 

x'0426 

Per  cent.  NHs 

I*i6 
1*42 
I  50 

1-77 

x-30 

1*63 

177 
1-98 

2*l8 

265 

1-63 
1-76 
190 

210 
2-38 

2-45 

1-87 

2-00 
2*24 

2-40 
272 

.2-55 

272 

290 
340 

2-79 
2-85 
306 
340 
3*53 

3-67 

3-74 

The  following  is  a  good  method  for  the  determination  of  the 
amount  of  the  free  and  combined  ammonia  present  in  gas 
liquors.  The  specific  gravity  is  first  taken  at  15°  by  hydro- 
meter. 

Determination  of  ^^  Free^^  Ammonia. — Accurately  measure 
out  20  cc.  of  the  sample,  pour  into  the  flask  a,  Fig.  74, 
holding  about  300  cc,  dilute  with  about  100  cc.  of  distilled 
water,  fix  to  condensing  arrangement  as  shown  in  the  sketch, 
and  keep  the  tap  b  closed,  e  is  a  tube  filled  with  glass  wool, 
and  serves  to  trap  any  traces  of  ammonia  that  might  otherwise 
escape.  When  all  is  ready  fixed  for  distillation,  30  cc.  of 
standard  £  H3SQ4  are  run  into  d  through  the  tube  e,  followed 
by  a  few  drops  of  litmus  solution.   The  glass  wool  will  thus  be 


$26 


GASWORKS  PRODUCTS. 


coloured  red.  If  any  of  the  ammonia  escapes  (which  rarely 
happens)  during  the  distillation,  the  stratum  of  glass  wool  would 
be  completely  coloured  blue.  Apply  a  gentle  heat  to  a  until 
it  gently  boils,  and  keep  at  this  temperature  until  about  60  cc 
have  collected  in  d.  The  tap  b  is  now  opened  and  all  acid 
washed  out  of  e  into  d.  It  now  becomes  necessary  to  ascertain 
how  much  of  the  acid  has  been  neutralized  by  the  ''free" 
ammonia  distilled  off;  for  this  purpose  detach  d,  gently  boil 


Fio.  74* 


to  eliminate  any  COs,  fill  a  burette  with  standard  £  sodic 
hydrate,  and  run  this  into  it  gradually  until  the  last  drop 
added  turns  the  solution  from  red  to  blue.  For  every  cc.  of 
£  H3SO4  neutralized  by  the  sample  there  is  '017  grm.  of  NHs 
in  solution. 

Combined  Ammonia, — ^The  flask  d  is  now  swilled  out  and 
again  attached  to  b  and  a,  and  ao  cc.  of  standard  £  H1SO4 
coloured  with  litmus  are  poured  through  b  into  d  ;  40  cc.  of 
£  NaHO  (recently  boiled  to  eliminate  any  NHs  present)  ar^ 
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now  run  into  the  residual  solution  in  a  through  b,  and  the  dis- 
tillation proceeded  with  as  before,  the  solution  being  reduced 
nearly  to  dryness.*  The  free  acid  in  d  is  titrated  with  standard 
E  NaHO  as  before.  The  number  of  cc.'s  of  acid  neutralized 
X  '017=  grms.  of  combined  ammonia  in  20  cc.  of  sample. 

Example, — A  sample  of  ammoniacal  liquor  had  a  specific 
gravity  of  i'026  at  60°  F. 

Free  Ammonia, — 20  cc.  of  sample  were  taken,  diluted,  and  dis- 
tilled into  30  cc.  of  standard  £  H3SO4.  On  titration  with  £ 
NaHO  ii"6  cc  were  required  to  produce  blue  tint. 

30  —  11*6  =  18*4  cc.  £  H3SO4  neutralized. 

I  cc.  of  E  H2SO4  =  '017  grm.  NH3. 

i8*4  X  '01 7  =  '3128  grm.  NH3  in  20  cc. 

20  cc.  of  liquor  =  20  X  1*026  (sp.  gr.)  =  20*52  grms. 

20-52  :  100  :  :  '3128  :  x  —  =  ^'5244  per  cent.  '*  free  "  ammonia. 

I  gallon  of  liquor  weighs  10  X  1*026  ==  10-26  lbs. 

103  :  10*26  :  :  1*5244  \  x  —  =  0*1564  lbs.  free  NHt  per  gallon. 

Combined  Ammonia, — The  residual  solution  from  the  estima- 
tion of  the  ''  free  *'  ammonia  was  distilled  with  sodic  hydrate 
into  20  cc.  of  standard  £  H2SO4,  and  on  titrating  the  excess 
of  acid  back  with  £  NaHO,  11*7  ca  were  required  to  pro- 
duce blue  tint. 

20  —  11*7  =  8*3  cc.  E  H2SO4  used. 

8*3  X  '01 7  =  *I4II  grm.  combined  NHt  in  20  cc.  (=:  20*52  grms.)  of 

liquor. 
20-52  :  100  : :  •141 1  :  s  —  =  0-6876  per  cent,  combined  ammonia. 

Total  Ammonia. 

1*5244  -}-  '6876  ^  2*212  per  cent,  total  ammonia. 

100  :  10*26  :  :  2*212  :  a;  = '22695  lbs.  of  total  NHs  in  a  gallon  of  liquor. 

Now  every  34  parts  of  ammonia  (NHs)  form  132  parts  of 
ammonic  sulphate  (NH^)!  SO4  then 

34  :  '22695  : :  132  :  jr  =  0*8811  lb.  of  AmaSOi 

could  be  produced  from  one  gaUon  of  liquor ;  and  ;g^  =2542 

B  B 
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gallons  of  liquor  required,  to  produce  one  ton  of  pure  sulphate 
of  ammonia. 

Quantity  and  price  of  lime  required  to  expel  the  combined 
ammonia  from  i,ooo  gallons  of  liquor.  Say  90  per  cent,  lime 
is  22s.  per  ton. 

Now  every  34  parts  of  combined  ammonia  require  56  parts 
of  pure  lime  (CaO)  for  its  expulsion. 

1,000  gallons  of  the  liquor  weigh  10,260  lbs.,  and  the  number 
of  lbs.  of  combined  ammonia  in  1000  gallons  is — 

100  :  10,260  : :  '6876  :  «  —  =  70*55  lbs. 

•.•  lbs.  of  pure  lime  required  —  ^  ^ — '^       ^    =  11 6' 2  lbs. 

34 

»    90  V.   ft         u  = ^ =  129  lbs.  =  IS.  4d. 

per  1,000  gallons. 


Assay  of  Sulphate  of  Ammonia  (AmsSOA). 

The  value  of  commercial  sulphate  of  ammonia  in  this 
country,  is  deduced  from  the  percentage  of  ammonia  present, 
and  in  Germany  from  the  percentage  of  nitrogen.  The  pure 
salt  contains  21*21  per  cent,  of  nitrogen,  equivalent  to  2575 
per  cent,  of  ammonia  (NHs).  The  specification  for  sulphate 
in  this  country  enacts  that  it  should  contain  23  per  cent,  of 
combined  ammonia ;  but  the  commercial  article  often  contains 
between  24  and  25  per  cent.  The  analysis  of  sulphate  of 
ammonia  should  include  the  determination  of  water,  combined 
ammonia,  free  sulphuric  acid,  and  any  sulphocyanates. 

Estimation  of  Water, — 10  grms.  of  the  sample  are  weighed 
into  a  tared  beaker  and  dried  in  the  water  oven  until  no 
further  loss  occurs ;  the  loss  is  taken  as  water. 

Estimation  of  Free  Sulphuru  Acid, — Weigh  out  5  grms.  of 
the  sample  into  a  150  cc.  beaker,  dissolve  in  100  cc.  of  dis- 
tilled water,  boil  for  a  few  minutes  to  expel  any  COs,  cool, 
add  a  few  drops  of  litmus  solution,  and  run  in  standard  £ 
sodic  hydrate  from  a  burette  until  the  last  drop  added  turns 
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the  solution  from  red  to  blue.     Note  volume  required.     Each 
cc.  of  £  NaHO  =  '049  grm.  of  free  sulphuric  acid  present. 

Estimation  of  Combined  Ammonia, — The  method  adopted 
for  the  estimation  of  the  combined  ammonia  in  gas  liquor  is 
suitable  for  its  determination  in  sulphates.  10  grms.  of  the 
averaged  sample  are  weighed  into  a  beaker,  dissolved  in 
water,  diluted  to  250  cc.  at  15^  C,  and  thoroughly  mixed. 
50  cc.  of  this  solution  (=  2  grms.  sample)  are  now  poured  into 
the  flask  a,  Fig.  47,  and  35  cc.  of  standard  £  H3SO  coloured 
with  litmus,  added  through  e  into  the  flask  d,  and  attached 
ready  for  distillation.  5  grms.  of  sodic  hydrate  dissolved  in 
50  cc.  of  water  and  boiled  to  expel  any  NH3  present,  are  now 
poured  into  a  through  the  tap  b,  which  is  afterwards  closed, 
and  the  distillation  proceeded  with,  which  should  take  about 
two  hours,  the  solution  being  prevented  from  getting  too  low  in 
A  by  frequent  additions  of  water  through  b.  After  it  is  assured 
that  all  the  ammonia  has  been  expelled,  the  tube  E  is  washed 
into  D,  and  the  excess  of  acid  therein  titrated  with  standard  £ 
NaHO ;  each  cc.  of  acid  neutralized  =  '017  grm.  of  ammonia. 

Estimation  of  Suiphocyanates, — Owing  to  defective  manufac- 
ture, small  quantities  of  sulphocyanic  acid  often  find  its  way 
into  the  finished  product,  which  is  supposed  to  have  a  very  detri- 
mental influence  on  plant  life,  and  thus  materially  diminishes 
its  value  as  a  manure.  A  rough  method  much  used  for  testing 
for  sulphocyanates,  is  to  place  a  small  heap  of  5  grms.  of  the 
sample  on  a  sheet  of  white  paper,  and  drop  on  it  a  solution 
of  ferric  chloride  until  the  whole  becomes  saturated  with  it, 
when,  if  any  sulphocyanates  be  present,  a  more  or  less  red 
coloration  will  be  produced,  owing  to  the  formation  of  ferric 
sulphocyanate.    The  following  reaction  takes  place : — 

6  NH4CNS  +  FejClc  =  Fea  (CNS)6  +  6  NH4CI. 
Amnionic  sulphocyanate.  Ferric  sulphocyanate. 

If  a  similar  heap  of  pure  sulphate  of  ammonia,  free  from 
sulphocyanate,  be  placed  by  the  side  of  the  sample,  and  satu- 
rated with  ferric  chloride  solution,  a  solution   of  potassic 
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sulphocyanide  of  known  strength  can  be  gradually  run  on  to 
it,  and  stirred  with  a  glass  rod  until  it  is  seen  that  the  tints 
are  near  alike ;  a  rough  .idea  is  thus  formed  of  the  amount 
present. 

The  proximate  estimation  of  sulphocyanate  in  commercial 
sulphate  of  ammonia  is  attended  with  difficulties,  owing  to  the 
small  quantity  usually  present,  and  to  the  influence  of  other 
complicated  substances  on  its  estimation  by  the  usual  pro- 
cesses. With  care,  the  following  colorimetric  process  based 
on  the  above  reaction,  will  give  fair  results  : — 

Weigh  out  4  grms.  of  the  sample,  dissolve  in  a  little  water, 
dilute  to  exactly  14  cc,  filter  off  7  cc.  (=  2  grms.  sample), 
into  a  carbon  tube  (Fig.  9),  add  0*5  cc.  of  5  £  H2SO4,  and 
I  cc  of  5  £  FcaCU,  and  thoroughly  mix.  It  now  becomes 
necessary  to  obtain  a  standard  ferric  sulphocyanate  solution. 
Owing  to  the  peculiar  tint  of  a  solution  of  the  commercial 
sulphate,  neither  an  aqueous  nor  a  pure  ammonic  sulphate 
solution  of  the  same  strength  will  answer  for  comparison ;  the 
writer  finds  the  best  method  is  to  make  a  standard  of 
some  of  the  sample,  in  which  the  sulphocyanates  have  been 
previously  eliminated  by  evaporating  to  complete  dryness  with 
sulphuric  acid.  Weigh  out  4  grms.  of  the  sample  into  a  small 
porcelain  dish,  mix  with  i  cc.  of  5  £  HsS04,  and  dry  in  a 
water  oven  for  a  couple  of  hours.  By  this  means  the  sulpho- 
cyanates will  be  practically  all  gone.  Dissolve  in  water,  dilute 
to  10  cc,  filter  off  5  cc  into  a  carbon  tube,  add  i  cc  of 
5  £  FcaCIe,  and  dilute  to  within  2  cc.  of  the  volume  occupied 
by  the  sample ;    now  run  in  0*2  cc.  at  a  time,  from  a  2  cc 

E 

pipette,  graduated  in  '05  cc.'s,  a  solution  of  --  potassic  sul- 

phocyanate,  until  the  tints  are  nearly  alike,  finaUy  adjusting 
the  volumes  with  water. 

I  cc.  of  --  KCNS  =  •GDI  16  grm.  CNS. 
50 

The  following  is  an  analysis,  by  the  above  processes,  of  a 
bad  sample  of  sulphate  : — 
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Water  ... 

Combined  ammonia    • 
Free  salphuric  acid     • 
Sulphoqranate  (CNS) 
Corresponding  to  AmCNS 


3*50  per  cent. 

23-45      »» 
(race 

•09      *> 


•12 


Spent  Oxide. 

The  important  part  played  by  hydrated  peroxide  of  iron 
in  the  absorption  of  sulphuretted  hydrogen  and  other  detri- 
mental constituents  of  crude  coal  gas,  renders  the  residual 
spent  oxide  a  valuable  product.  With  sulphuretted  hydrogen 
the  following  reaction  occurs : — 

FejOs.  «  OH2  +  3  SHa  =  FeaSa,  »  OHj  +  3  OHj. 

s ^ ^ 

Sesqttisulphide  of  Iron. 

On  exposing  the  sesquisulphide  of  iron  thus  produced  to 
the  action  of  the  air,  peroxide  of  iron  is  again  produced,  while 
free  sulphur  is  formed  thus  : — 

2  FeaSj.  X  OHa  +  3  O3  =  2  FejOj  x  OHa  +  3  Sa, 

and  the  mixture  would  be  capable  of  absorbing  a  further 
quantity  of  SH3;  the  absorption  and  exposure  could  be  re- 
peated several  times,  until  the  oxide  contains  55  per  cent,  of 
sulphur. 

When  the  spent  oxide  has  completed  its  duty,  it  is  left 
exposed  to  the  atmosphere,  with  frequent  stirring  up,  until 
completely  revivified ;  it  is  then  assayed  for  sulphur  and 
sold,  the  price  varying  according  to  ihe  amount  of  sulphur 
present 

Estimation  of  Sulphur, — ^The  recognised  method  for  the 
determination  of  sulphur  in  spent  oxide  is  very  simple.  All 
that  has  to  be  done  is  to  dissolve  the  sulphur  out  of  a  known 
weight  of  the  sample  by  means  of  pure  redistilled  disulphide  of 
caibon,  which  is  afterwards  distilled  in  a  weighed  flask,  and 
the  residual  sulphur  weighed.  The  following  is  the  manner  in 
which  the  sulphur  is  determined :  5  grms.  of  the  averaged 
sample  are  weighed  into  the  tube  a  (Fig.  75),  into  which  a 
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plug  of  glass  wool  is  fitted  in  the  constiictiOD.  It  is  fitted  into 
the  weighed  flask  b  contained  in  a  sand  bath,  and  connected 
to  the  bottle  g,  containing  pure  disulphide  of  carbon,  by  the 
tube  T,  and  to  the  condenser  d,  by  means  of  the  tube  u. 
When  all  is  fixed,  CSi  is  made  to  percolate  through  the  sample 
hy  blowing  into  G,  tlirough  q.  The  sulphur  is  thus  dissolved 
out  into  B ;  when  b  is  nearly  full  the  Bunsen,  r,  is  lighted,  and 
the  disulphide  distilled  off  through  d  into  the  flask  e,  which  is 


aftowards  poured  back  into  c,  and  the  percolation  continued 
several  times,  until  it  is  assured  that  the  whole  of  the  sulphur 
is  dissolved  out.  The  CSi  having  been  finally  distilled,  the 
residual  sulphur  is  dried  in  the  water  oven  and  weighed ;  its 
weight  X  30  =  percentage  of  sulphur. 

Synopiifl  of  the  DistiUatioii  of  Coal  Tar.— The  fol- 
lowing tabular  statement  shows  the  manner  in  which  the 
various  products  from  coal  tai  are  obtained  : — 
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Ammoniacal 
Idquor 


Dehydration,  a.  by  standing  .... 
b,  during  the  heating  up  . 
Distillation, 

I.  Fraction  up  to  170"  C.  {  ^"^^^  ) 

rectified  yield : — 

(i)  Product  up  to  I  xo®  C,  chemically  washed 
Distilled  by  steam,  yields,  a    .        .        .  \ 

h.  Weaker  benzol  goes  to  I,  3  .  |  90  per  cent  Benzol 

{%)  Product  up  to  140°  treated  like  ( x),  yields  a   ) 

b 60  per  cent.  Benzol 

c.  Intermediate  fi  action  is  redistilled 

^ 1 

(3)  Product  up  to  170''  treated  like  (i )  and  (2)     \  SoWent  Naphtha 

yields  a J 

b Burning  Naphtha 

c.  Residue,  goes  to  II. 

II.  Fraction  from  170*  to  2300..    Middle  oil — 

washed  with  caustic  soda  yields  : — 

(1)  Oil,  distilled  in  the  light  oil  stiU,  yields— 

a.  Distillate  up  to  170**  goes  to  (i),  (3) 

b,      „         „    23o<',  yields  .  .  NapthaUne 

c.  Residue  goes  to  III. 

(2)  Alkaline  liquor  decomposed  by  CO3  yields : — 

a.  Aqueous  solution  of  sodium  carbonate, 

caustidsed  by  lime  and  used  over  again 

b.  Crude  carbolic  acid    is   purified    and 

yields,  a CarboUc  Acid 

/3.  Waste  oils,  go  back  to  II. 

ni.  Fraction  from  230*   to  270**  =  Heavy  oil 
(collected  till  solid  matters  begin  to  crystal- 
lize). 
Can  be  treated  for  naphthalene,  usually   \ 

only  employed  as     .        .        .        .    |  CreOflOte  Oil 
or  else  separated  into  a        •        •        •    ) 

b      .      .      .      Lubricating  Oil 

IV.  Fraction^  anthractm  oil 

Filtered  or  cold-pressed  yields  :— 
(i)  Oils,  are  redistilled  and  yield 

a,  Soliddistillate,treatedaloDgwithIV.(2) 

b.  Liquid  distillate,  goes  to  III.  6,  or  is  re- 

distilled. 
^,  Residue  (pitch,  coke,  &c.) 
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(2)  Residue  is  hot  pressed  and  }'ields 

a.  Oils,  treated  like  IV.  (i) 

b.  Grade  anthracene,  washed  with  naphtha, 

&€.,  yields,  a Anthracene 

/3.  Solution  is  distilled,  and  yields, 

aa.  Naphtha  used  over  again  for  washing 

bh.  Phenanthrene,  &c.,  is  burnt  to     .  Lampblack 

V.  Pitch.    Employed  for  patent  fuel  or  varnishes, 

&c Pitch 

or  else  distilled,  yielding : — 
(i)  Grade  anthracene,  treated  like  IV.  (2) 

(2)  Lubricating  oil,  goes  to  III.  a,  resp.  III.  b 

(3)  Residue Ooke 

The  fpllowing  table  shows  the  yields,  in  percentage,  of  the 
various  products  from  different  tars  (Calvert). 


Lifht 
oil. 

Neutral 
heavy  oil. 

Phenol. 

Paraffin. 

Naphtha- 
lene. 

Pitch. 

Boghead . 
Gannel  coal 
Newcastle  coal 
Staffordshire  coal 

12 

9 

2 

5 

30 
40 
12 

35 

3 

5 
9 

41 

15 
22 

14 
22 

23 
29 

CREOSOTE. 
Creosote  as  used  for  the  <'  Fiokling  "  of  Timber. 

The  following  is  an  extract  from  an  interesting  report  which 
was  made  by  Dr.  Tidy  to  the  Directors  of  the  Gaslight  and 
Coke  Company,  in  August,  1883,*  upon  this  subject : — 

''  The  advantages  to  be  derived  from  the  creosoting  process 
are  of  a  threefold  nature  : 

"  I  St.  A  physical  action. — ^A  very  great  increased  solidity  is 
effected  by  choking  up  the  pores,  thus  agglutinating  the  whole 
mass  of  the  wood  into  a  more  or  less  solid  block.  Apart  from 
its  rendering  the  wood  more  solid,  this  physical  action  is  impor- 
tant in  preventing  the  subsequent  absorption  of  moisture. 

♦  Vide  Luiige*s  *'  Coal  Tar  and  Ammonia." 
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"2nd.  A  physiological  action, — The  smell  of  creosote  im- 
parted to  the  wood  prevents  germinal  life,  well  known  to  be 
destructive  to  timber,  from  being  developed  within  it  Seeing 
that  the  preservation  of  timber  has  been  effected  by  such 
materials  as  chloride  of  zinc,  sulphate  of  copper,  &c.,  with 
greater  or  less  success,  and  that  the  action  of  these  bodies 
must  be  mainly — although  I  admit  not  entirely — dependent  on 
their  toxic  properties,  this  physiological  action  is  one  of  im- 
portance. It  must  be  remembered,  however,  that  creosote  has 
the  advantage  of  a  well-marked  smell,  which  odour  most  of  the 
lower  animals  dislike.  In  this  respect  it  is  superior  to  the 
other  bodies  I  have  named. 

"  Further,  it  is  worth  pointing  out  that  all  the  constituents 
of  the  coal  tar,  and  not  the  tar  acids  only,  have  a  more  or  less 
well-marked  tarry  odour. 

**  3rd.  A  chemical  action. — Respecting  the  chemical  action 
I  would  draw  attention  to  the  fact  that  tar  acids  are  not  only 
antiseptic,  but  that  they  possess  the  power  of  coagulating 
albuhien.  It  is  to  this  latter  action  that  I  shall  have  to  refer 
later  on  in  this  report,  as  playing  an  important  part,  in  my 
opinion,  in  the  preservation  of  timber. 

"  Now  the  following  questions  arise  : — (ist.)  Upon  what 
constituents  of  the  creosote  does  its  value  specially  depend, 
and  what  are  the  relative  values  of  its  different  constituents  ? 
(and.)  If  there  be  constituents  in  the  creosote,  which  of  them- 
selves possess  no  special  value,  do  they  in  any  respect  lessen 
the  activity  of  the  valuable  constituents  ? 

"The  importance  of  considering  the  precise  value  of  the 
several  constituents  of  creosote  arises  as  follows : — 

"Speaking  generally,  creosote  may  be  divided  into  two 
classes,  London  and  Country  creosotes.  By  London  creosote 
we  mean  the  creosote  derived  from  the  tars  of  London  gas- 
works, the  east  coast  generally,  and  from  the  gasworks  of  towns 
such  as  Southampton,  Brighton,  &c.,  where  the  coal  em- 
ployed is  Newcastle  coal.  So  far  as  I  am  able  to  learn,  the 
larger  proportion  of  the  creosote  produced  in  England  is  of 
this  character.     The   two   creosotes  being   very  different  in 
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their  composition,  it  becomes  important  to  consider  thena 
separately. 

**  The  London  creosote  has  a  somewhat  high  specific  gravity, 
and  contains  a  comparatively  large  percentage  of  naphthalene, 
and  a  small  percentage  (i.^.,  less  than  xo  per  cent.)  of  tar 
adds.  Further,  it  contains  a  considerable  quantity  of  the 
heavier  portions  of  the  oil,  that  is,  of  those  portions  not 
volatile  at  a  temperature  below  316^  C. 

'*  The  country  creosote,  on  the  other  hand,  has  a  less  specific 
gravity,  and  is  considerably  more  fluid  than  London  creosote. 
It  contains  considerably  less  naphthalene  than  the  London 
creosote,  a  larger  total  percentage  of  tar  acids,  and  a  smaller 
percentage  of  the  heavier  portions  of  the  oil  present 

"  The  real  question  I  have  had  in  view  in  this  inquiry  being 
Country  creosotes  versus  London  creosotes,  it  became  neces- 
sary to  inquire  into  the  relative  values  of  the  heavier  portions  of 
the  oil,  of  the  naphthalene,  and  of  the  tar  acids  in  creosoting. 

'*  The  tar  acids,  in  the  first  instance,  effect  the  coagulation 
of  the  albumen  of  the  wood  sap.  This  coagulated  albumen 
mixes  with  the  naphthalene  of  the  creosote,  which,  so  soon  as 
the  temperature  becomes  sufficiently  reduced,  is  redeposited, 
and  forms,  along  with  the  heavier  portions  of  the  oil,  a  solid 
magma  within  the  pores  and  fibres  of  the  wood.  That  this 
formation  of  solid  magma  actually  occurs,  I  have  convinced 
myself  by  numerous  microscopic  examinations  of  creosoted 
'  timbers. 

"  The  success  of  the  process,  therefore,  being  presumably 
assisted  by  the  coagulation  of  the  albumen,  the  question  arises, 
What  quantity  of  tar  adds  is  necessary  to  effect  this  object  f 

**  There  is  little  doubt  in  my  mind  that  3.  or  3  per  cent, 
would  amply  suffice  to  effect  this  coagulation  of  the  sap 
albumen. 

**  We  are  now  led  to  consider  if  any  value  and,  if  any,  what 
value  is  to  be  ascribed  to  the  tar  acids  beyond  that  needed  to 
effect  the  coagulation  of  the  albumen. 

''  I  am  far  from  prepared  to  say  they  are  otherwise  entirely 
valueless.     Still  it  is  a  remarkable  fact,  which  I  have  over  and 
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over  again  verified^  that  in  the  timbers  that  have  been  creosoted 
for  a  considerable  time  (say  a  year),  very  small  quantities  in- 
deed (if  any)  of  the  free  tar  acids  are  to  be  found. 

'^  I  have  upon  this  point  instituted  a  series  of  examinations 
of  sleepers,  obtained  from  independent  sources,  and  of  ages 
varying  from  one  to  twenty  years ;  and  it  is  a  fact  worth  noting 
that,  within  a  very  short  time  after  a  sleeper  has  been  in  use, 
the  tar  acids  appear  to  be  entirely  dissipated. 

"  Seeing  however  that  the  life  of  a  sleeper  is  by  no  means  so 
limited,  the  facts  I  have  mentioned  suffice  to  show  that  the 
action  of  the  tar  acids  pfr  se  cannot  have  any  great  or  per- 
manently preservative  influence  in  creosoting. 

''  I  admit  it  was  natural  to  suppose  that  bodies  commonly  re- 
garded as  powerfully  antiseptic  should  have  been  the  active 
agents  in  the  process.  Further,  I  must  admit  that  it  was  with 
such  view  I  commenced  this  inquiry.  My  recent  investiga- 
tions, however,  have  clearly  shown  that  the  value  of  the  tar 
acids  in  the  creosoting  process  has  been  greatly  over-estimated. 

'^  I  am  convinced  that,  so  long  as  the  quantity  of  carbolic 
acid  present  in  the  creosote  is  sufficient  to  coagulate  the  albu- 
men of  the  wood  sap,  it  is  also  sufficient  for  practical  purposes. 

''  I  have  now  to  consider  the  value  of  naphthalene. 

*^  I  am  disposed  to  think  that  this  body  is  of  infinitely  greater 
value  than  at  first  sight  appears.  Admitting  that  as  an  anti- 
septic it  is  inferior  to  the  tar  acids,  nevertheless,  so  far  as 
preservative  action  alone  is  concerned,  it  must  not  be  supposed 
to  be  inoperative.  Its  special  value,  however,  consists  in  help- 
ing to  render  the  wood  solid. 

''  But  it  may  be  said,  granting  this  to  be  the  case,  naphtha- 
lene is  so  volatile,  that  the  heat  of  the  sun,  especially  the 
intense  heat  of  an  Indian  climate,  would  soon  drive  the  whole 
of  it  off.  It  is  true  that  on  exposing  a  block  of  creosoted 
timber  in  an  oven  to  a  temperature  of  545*^  C,  and  this  may 
be  taken  to  be  an  extreme  tropical  heat,  the  door  of  the  oven 
after  a  short  time  shows  conclusively  that  some  of  the  naph- 
thalene in  the  sleeper  has  undergone  volatilization  by  the  heat 
applied. 
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"I  would,  however,  direct  attention  to  the  following  experi- 
ment ; — 

'*  I  exposed  a  large  block  of  creosoted  timber  (accurately 
weighed)  to  a  temperature  of  65*5*^  C.  On  weighing  this  at 
the  end  of  twenty-four  hours,  I  found  it  to  have  lost  1,200 
grains.  On  exposing  the  same  block  to  the  same  temperature 
for  another  twenty-four  hours,  it  lost  135  grains;  whilst  on 
continuing  the  experiment  for  a  third  twenty-four  hours,  it  lost 
only  15  grains.    After  this  the  loss  was  practically  nil. 

''  I  now  planed  off  about  a  quarter  of  an  inch  of  the  block  I 
had  already  heated.  This  done,  I  again  exposed  it  to  a  heat 
of  54 '5*^  C.  for  twenty-four  hours,  during  which  time  it  lost 
1,150  grains.  The  loss  on  the  second  day  was  less  than  100 
grains,  whilst  on  the  succeeding  days  the  loss  was  practically 
nil. 

''  The  surface  of  the  wood  was  again  planed  off,  and  similar 
experiments  repeated  a  third  time,  with  almost  identical  re- 
sults. 

'^  From  numerous  microscopical  examinations  of  the  timber, 
and  from  the  experiments  I  have  described,  I  consider  that  I  am 
justified  in  drawing  the  following  conclusions rif  naphthalene: — 

'^  I  St.  That  supposing,  for  the  sake  of  argument,  naphthalene 
possesses  no  great  antiseptic  power,  nevertheless  it  acts  bene- 
ficially by  clogging  up  the  pores  of  the  wood,  forming  a  more  or 
less  solid  magma  with  the  coagulated  albumen.  In  this  way  it 
assists  the  physical  part  of  the  creosoting  process,  upon  which 
the  preservation  of  timber  materially  depends. 

^'  2nd.  That  although  a  certain  quantity  of  naphthalene 
would  undoubtedly  be  volatilized  by  a  tropical  heat,  neverthe- 
less the  loss  would  be  practically  limited  to  the  surface  of  the 
timber,  and  would  be  complete  a  day  or  two  after  the  exposure, 
the  naphthalene  in  the  deeper  parts  of  the  wood  remaining 
fixed  by  incorporation  with  the  albumen  coagulated  by  the 
action  of  the  tar  acids. 

'^  3rd.  That  inasmuch  as  the  naphthalene  cannot  injure  the 
action  of  the  tar  acids,  or  other  constituents  of  the  creosote, 
and  is  itself  a  positive  benefit  to  the  process,  there  is  not 
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only  no  object  in  requiring  that  the  oil  used  for  creosoting 
should  be  free  from  naphthalene,  but  that  it  would  be  unad- 
visable  to  demand  such  freedom. 

"  There  are  many  other  facts  that  in  my  judgment  corro. 
borate  the  views  I  have  expressed.  Thus  I  am  given  to 
understand  that,  during  the  twelve  years  after  the  process  of 
creosoting  was  first  introduced  into  India,  the  whole  of  the 
sleepers  were  prepared  with  heavy  London  creosote  (that  is,  a 
creosote  heavily  charged  with  naphthalene),  with  the  occasional 
admixture  of  a  small  quantity  of  Country  oil  for  the  purpose  of 
dilution. 

"  It  is  perfectly  certain,  further,  that  it  was  on  account  of 
the  good  results  so  obtained  that  creosoting  became  a  process 
of  acknowledged  utility. 

''  So  far  as  I  can  learn  it  was  not  until  the  Country  oils 
became  more  extensively  used  that  any  complaints  respecting 
the  inefficiency  of  the  process  arose.  From  independent  in- 
quiries, I  think  there  is  the  strongest  possible  reason  to  believe 
that  the  sleepers  that  proved  unsatisfactory  had  been  prepared 
with  Country  and  not  with  London  oil. 

''  Nothing  has  impressed  me  more  strongly  in  the  course  of 
these  inquiries  than  the  value  of  the  heavy  oils  present  in  the 
creosote,  that  is,  of  the  oils  that  do  not  distil  over  under 
316^  C  Of  a  certain  antiseptic  power,  and  very  difficult  of 
volatilization,  they  are,  I  believe,  bodies  of  great  value  in  the 
oil  employed  in  the  creosoting  process." 

Dr.  Tidy's  Speoifioation  for  Creosote. 

Taking  into  consideration  the  arguments  of  the  report  just 
quoted,  Dr.  Tidy  recommended  the  following  as  a  speci- 
fication for  creosote  (amended  in  1885)  : — 

**  (i)  That  the  creosote  shall  be  completely  liquid  at  a 
temperature  of  38**  C,  no  deposit  afterwards  taking  place 
until  the  oil  registers  a  temperature  of  35""  C. 

"  (2)  That  the  creosote  shall  contain  at  least  25  per  cent,  of 
constituents  that  do  not  distil  over  at  a  temperature  of  316^  C. 
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**  (3)  That  tested  by  the  process  hereafter  to  be  described, 
the  creosote  shall  yield  a  total  of  8  per  cent,  of  tar  acids. 

*<  (4)  That  it  shall  contain  no  admixture  of  bone  oil,  shale  oil, 
or  of  any  substance  not  obtained  from  the  distillation  of  coal 
tar,  and  that  the  first  25  per  cent,  of  the  distillate  shall  have  a 
specific  gravity  greater  than  that  of  water. 

Process  to  be  adopted  for  determining  the  coal  tar  adds. 

'*  (i)  100  cc.  of  the  well  mixed  creosote  are  to  be  distilled  at 
a  temperature  of  316^  C.  until  no  further  distillate  comes  over. 
The  distillate  so  obtained  is  to  be  mixed  and  well  shaken  in  a 
stoppered  flask  with  30  cc.  of  a  solution  of  caustic  soda,  sp. 
gr.  1*2  (5  £).  The  mixture  is  then  to  be  heated. 
This  done,  the  stopper  is  to  be  replaced  in  the  flask, 
and  the  hot  mixture  again  shaken  vigorously  for  at 
least  a  minute. 

'*  The  contents  of  the  flask  are  now  to  be  poured 
into  a  separating  funnel  (Fig.  76),  and  the  soda 
\  /  solution  drawn  off.  The  creosote  is  to  be  heated 
iZj^  a  second  and  a  third  time  in  a  similar  manner  with 
the  caustic  soda  solution,  except  that  only  20  cc.  of 
the  soda  solution  shall  be  used  for  the  second  and 
third  extraction,  instead  of  30  cc.  as  in  the  first  ex- 
traction. 

'*  (2)  The  three  soda  solutions  are  now  to  be  mixed 
together.  IVkefi  cold,  any  particles  of  creosote  are 
to  be  got  rid  of  by  means  of  a  separating  funnel. 
This  done  the  solution  to  be  thoroughly  boiled,  in  order  to 
expel  the  last  traces  of  creosote  present  in  the  solution.  The 
mixture  is  then  allowed  to  be  cooled.  When  cold  9  £  H3SO4 
is  to  be  added  (about  35  cc.  will  be  required)  until  the  solution 
becomes  slightly  acid  to  litmus.  The  whole  is  then  to  be 
poured  into  a  separating  funnel,  and  allowed  to  stand  until 
perfectly  cold  and  the  tar  acids  well  separated. 

"  (3)  The  tar  acids  are  now  to  be  dissolved  in  20  cc.  of  the 
caustic  soda  solution,  sp.  gr.  1*2  (5  E),  and  10  cc.  of  water.  The 
mixture  is  then  to  be  boiled  and  filtered  through  a  funnel 
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fitted  with  a  plug  of  asbestos.  The  asbestos  is  to  be  washed 
with  not  more  than  5  cc.  of  boiling  water;  The  solution  is  to 
be  allowed  to  cool  perfectly  in  a  100  cc.  measure.  It  is  then 
to  be  rendered  slightly  acid,  with  12  E  HaSO^  (10  ca  will 
probably  be  found  sufficient  for  this  purpose).  I'he  whole  is 
again  allowed  to  stand  for  hvo  hours  until  perfectly  cold^  when 
the  percentage  of  the  tar  acids  is  to  be  read  off. 

Process  to  he  adopted  in  estimating  quantity  of  distillate, 

''The  operation  is  to  be  conducted  in  a  retort  (fitted  with  a 
thermometer),  and  heated  with  the  naked  flame  of  a  Bunsen 
burner.  The  heat  applied  is  to  be  gradually  raised  to  316^  C, 
and  continued  at  that  temperature  until  no  further  matters  distil 
over.  The  distillation  of  the  100  cc  should  be  completed  within 
half  an  hour." 

Sir  F.  Abel's  Speoiflcation  for  Creosote. 

The  following  is  a  specification  for  creosote  which  was  drawn 
up  by  Sir  Frederick  Abel  in  January,  1884 : — 

*'  The  creosoting  liquor  is  to  be  of  the  description  known  as 
heavy  oil  of  tar,  obtained  by  the  distillation  of  coal  tar,  and 
"consisting  of  that  portion  of  the  distillate  which  comes  over 
between  the  temperature  of  176^  C.  and  405^  C. 

"  The  liquor  must  be  free  from  admixtiu-e  with  any  oil  or 
other  substance  not  obtainable  from  such  distillate.  It  shall 
contain  not  less  than  20  nor  more  than  30  per  cent,  of  con- 
stituents that  do  not  distil  over  at  a  temperature  approaching 

316^  C. 

''  It  must  yield  not  less  than  9  per  cent,  by  volume  of  tar 
acids. 

'^  The  creosoting  liquor  must  become  completely  fluid  when 
raised  to  a  temperature  of  38^  C,  and  exhibit  no  signs  of  any 
deposit  on  cooling  down  to  a  temperature  of  32^°  C. 

"  The  specific  gravity  of  the  liquor  must  not  be  less  than 
i'035,  and  not  more  than  1065,  at  a  temperature  of  32°  C,  as 
compared  with  water  at  15^°  C." 
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Creosote  Oils. — The  following  table  shows  the  character  of 
various  creosote  oils  : — 


Speci6c 

Gravity  at 

3«'C. 

Per  cent,  of 
Distillate 

Per  coat,  of 
Tau-  Acids 

from 
Dibtillate. 

below  3x5*  C. 

A,   Heavy  London  oils:  highest 

i'075 

79 

80 

Ditto                          lowest 

1-048 

60 

3-0 

Average  of  20  samples  . 

1-0588 

715 

5-6 

B,  Partial  runnings  from  London 
oils :  highest    . 

1 

91 

10*2 

Ditto           lowest 

78 

.       £-2 

Average  of  ao  samples  . 
C.  English  Country  oils :  highest 

82*8 

91*5 

1*056 

90 

24*0 

Ditto                         lowest 

1-024 

72 

i8-6 

Average  of  18  samples 

10335 

81-8 

Carbolineum. — ^This  is  a  substance  becoming  much  used  as 
a  timber  preser\'ative.  It  is,  however,  mostly  used  superficially 
for  painting  telegraph  poles,  wood  pavements,  fences,  &c.,  and 
is  said  to  effectually  prevent  water  from  getting  into  the  wood. 
It  has  a  remarkably  high  boiling  point,  and  is  prepared  from 
the  anthracene  oil,  squeezed  out  of  rough  anthracene,  and  then 
supposed  to  be  mixed  with  sulphate  of  copper  or  chloride  of 
zinc,  and  certain  proportions  of  boiled  linseed  oil  or  resin. 
Owing  to  the  absence  of  phenol,  it  may  not  be  considered  so 
effectual  for  the  pickling  of  sleepers  in  the  ordinary  way  as 
creosote  would  be. 

The  author  has  found  that  ordinary  green  oil  obtained  from 
coal  tar  is  quite  as  effectual  as  a  timber  preservative  as  many 
samples  of  Carbolineum  he  has  examined. 


PART  VIII 

DISJNFE  CTANTS. 


The  assay  and  valuation  of  the  disinfectants  treated  of  here, 
will  include  those  that  are,  commercially  speaking,  the  most  in 
use,  viz.,  carbolic  acid,  carbolic  acid  powders,  chloride  of  lime 
(bleaching  powder),  and  permanganate  of  soda  or  potash 
(Condy's  Fluid). 

Carbolio  Aoid  (Phenol,  QJSJELG). 

Carbolic  acid,  which  is  a  powerful  antiseptic  and  disin- 
fectant,  is  principally  obtained  from  that  fraction  obtained 
on  the  distillation  of  coal  tar  which  distils  between  150^ 
C  and  200^  C.  In  the  pure  state  it  is  a  colourless  oystal- 
lized  solid,  melting  at  42*2^  C,  and  boiling  at  182°  C.  A 
commercial  carbolic  acid  much  used  as  a  disinfectant  is  a 
dark-coloured  liquid  with  a  diaracteristic  tarry  smell,  ranging 
in  specific  gravity  from  1*04  to  i'o6,  and  sometimes  containing 
a  considerable  proportion  of  neutral  tar  oils  of  little  use  as  a 
disinfectant. 

Absolute  crystallized  phenol  is  miscible  with  water  at  the 
ordinary  temperature,  to  the  extent  that  tlie  most  concentrated 
solution  contains  about  73  per  cent  of  the  pure  acid,  while  the 
liquid  thus  produced  is  soluble  in  about  11*2  times  its  measure 
of  water  at  15^  C.  The  solubility  however^isgreatly  increased  at 
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higher  temperatures,  bebg  miscible  in  all  proportions  with  water 
at  about  73^  C.  The  pure  acid  is  miscible  in  all  proportions 
in  benzol,  ether,  carbon  disulphide,  acetic  acid  (17  £),  alcohol, 
and  glycerine. 

Carbolic  acid  acts  as  a  powerful  disinfectant  and  antiseptic 
owing  to  its  property  of  coagulating  albuminous  substances, 
and  preventing  germinal  life  from  propagating.  A  dilute  solu- 
tion of  phenol  b  the  most  satisfactory  agent  we  know  of  for 
arresting  and  preventing  mortification. 

By  determining  the  neutral  tar  oils  in  a  known  volume  of  a 
sample  of  commercial  carbolic  acid,  and  subtracting  the  amount 
thus  found  from  the  volume  of  the  original  sample  taken,  an 
approximaU  idea  of  the  value  of  a  sample  could  thus  be 
obtained. 

Estimation  of  Neutral  Tar  Oils. — Measure  out  5  cc  of  the 
crude  acid  into  a  carbon  tube.  Fig.  9,  add  to  this  10  cc.  of  a 
3  £  solution  of  sodic  hydrate,  and  thoroughly  shake  for  some 
time;  the  soda  thus  combines  with  the  tar  acids,  forming 
phenate  and  cresylate  of  soda,  &c.,  which  is  soluble  in  the 
aqueous  solution.  On  allowing  the  mixture  to  stand  some 
time,  the  neutral  tar  oils  will  setde  out,  sinking  to  the  bottom 
or  floating  on  the  top,  according  to  whether  they  are  heavier 
or  lighter  than  the  aqueous  liquid ;  5  cc.  of  petroleum  ether 
are  now  added,  the  mixture  thoroughly  shaken,  the  volume  of 
the  ethereal  solution  of  the  neutral  oils  is  read  off,  and  on 
subtracting  the  5  cc  of  added  ether,  the  remainder  is  equal  to 
the  volume  of  neutral  oils  present  in  the  5  cc.  of  sample,  which 
multiplied  by  20  gives  the  percentage. 

Estimation  of  Phenol  and  CrcsoL — ^These  are  the  prin- 
cipal acting  disinfectants  in  commercial  carbolic  acid.,  and 
Dr.  Tidy  asserts  that  cresol  (CtHtOH)  is  as  equally  efficacious 
as  pure  phenol  (CeHsHO).  If  the  amounts  of  these  be  re- 
quired collectively,  the  volumetric  process  devised  by  Koppe- 
schaar,  depending  upon  the  formation  of  tri-bromo-phenol 
(CeH^BrsOH),  and  tri-bromo-cresol  (CrHiBrsOH)  gives  very 
fair  results.    The  following  are  details  of  the  process : — 

Solutions   required. — ^A  solution   of   ihiosulphate  of  soda 


ESTIMATION  OF  PHENOL  IN  CARBOLIC  AClD.        345 

(NajS203)  of  such  strength  that  i  cc.  of  it  would  be  theoreti- 
cally equivalent  to  -005  grm.  of  iodine,  is  prepared  by  dissolv- 
ing 9764  grms.  of  crystallized  thiosulphate  of  soda  (NaaS208 
5  H2O)  (previously  dried  between  blotting  paper)  in  distilled 
water,  and  diluting  to  1,000  cc.  at  15"*  C.  It  should  be 
standardized  by  the  method  herein  described  with  a  solution 
of  iodine  containing  5  grms.  per  litre. 

Starch  Solution — Weigh  out  i  grm.  of  starch,  make  into  a 
thin  paste  with  cold  water,  pour  on  lop  cc.  of  boiling  waler, 
stir,  allow  sediment  to  subside,  and  bottle  the  clear  supernatant 
liquid. 

Bromine  Water. — Dissolve  about  i^  grms.  of  liquid  bro- 
mine in  I  litre  of  distilled  water. 

Potassium  Iodide  Solution. — Dissolve  125  grms.  of  pure  KI 
in  water,  and  dilute  to  1,000  cc. 

When  all  the  above  solutions  have  been  made,  dissolve 
4  grms.  of  the  sample  in  water,  dilute  to  1,000  cc.  at  60°  C. 
in  a  graduated  stoppered  flask,  thoroughly  mix,  and  put  on 
one  side  while  the  bromine  solution  is  valued  as  follows : — 
Fill  a  Mohr's  burette  with  the  standard  thiosulphate  solution, 
then  measure  off  accurately  50  cc.  of  the  bromine  solution  into 
a  100  cc.  beaker  and  add  5  cc  of  the  potassic  iodide.  Iodine 
Ls  thus  liberated ;  now  run  in  gradually  the  thiosulphate  solu- 
tion, stirring  till  the  violet  colour  of  the  iodine  has  nearly  all 
disappeared  (the  reaction  here  is : — 2  NaoSiOs  +  21=2  Nal 
+  NaaSiOe),  then  add  2  cc.  of  starch  solution,  when  the  blue 
colour  of  iodide  of  starch  will  be  produced  with  the  small 
quantity  of  free  iodine  still  in  solution ;  continue  running  in  the 
thiosulphate  solution  until  the  last  drop  added  completely 
decolourizes  the  solution.  Note  the  volume  required.  25  cc. 
of  the  solution  of  the  sample  (  =  01  grm.  original  sample)  are 
now  poured  into  a  graduated  stoppered  500  cc.  flask,  and  diluted 
quickly  up  to  the  mark  with  the  bromine  solution  (=475  cc). 
Fix  stopper,  thoroughly  shake  for  about  ten  minutes,  and  allow 
to  stand  for  about  half  an  hour,  after  which  pour  out  into  a 
litre  beaker,  containing  5  cc.  of  the  iodide  solution.  Stir  and 
titrate  with  the  standard  tliiosulphate  solution  in  the  same 
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manner  as  with  the  bromine  solution,  and  note  volume  re- 
quired. 

From  the  following  formula  the  percentage  of  carbolic  and 
cresylic  acids  expressed  as  carbolic  add  is  obtained  : — 

Let  X  =r  tbiosalphaie  required  for  50  cc.  bromine  solntion. 
»>   Y  =  „  „     for  excess  of  bromine  in  the  25  oc  of  the 

sample  (^  *i  grm.). 

Then  (9*5  x—if)  0-61753  =  percentage  of  carbolic  add. 

Oarbolio  Acid  Powders. 

The  best  carbolic  acid  powders  in  the  market  are  those 
which  have  for  a  base  or  absorbent,  for  the  crude  carbolic 
acid,  substances  which  do  not  chemically  combine  with  the 
carbolic  acid,  such  as  kaolin,  calcium  sulphate,  kieselguhr,  &c. 
Carbolic  acid  powders  made  with  slaked  lime  appear  to  be  of 
little  use  as  disinfectants,  since  the  carbolic  acid  thus  com- 
bines with  the  lime,  forming  carbolate  of  lime.  **  Macdougall's 
Disinfecting  Powder"  contains  a  crude  sulphite  of  lime  as  a 
base.  **  Calvert's  Carbolic  Acid  Powder  "  is  made  by  mixing 
the  carbolic  acid  with  the  siliceous  residuum  left  in  the  manu- 
facture of  alum  from  shale.  There  are  five  qualities  made, 
containing  5,  10,  15,  20,  and  50  per  cent,  of  the  crude  acid. 

Commercial  carbolic  acid  powders  may  be  considered  of 
very  fair  quality  if  they  contain  from  15  to  20  per  cent  of 
crude  carbolic  acid. 

Method  of  Assay. — There  are  two  methods  in  use  for  the 
assay  of  carbolic  acid  powders:  (1)  by  distilling  a  known 
weight  direct  in  a  retort  with  the  collection  and  examination 
of  distillate,  &c,  a  process  applied  to  powders  which  contain 
the  acid  in  a  free  state ;  and  (2)  liberation  of  combined  acid 
with  sulphuric  acid  and  its  subsequent  extraction  with  ben- 
zol, &c. 

(i)  Method  for  Powders  containing  Free  Carbolic  Add, — 
Weigh  out  100  grms.  of  the  averaged  sample,  transfer  into 
a  150  cc.  retort,  attach  a  100  cc.  graduated  tube  as  a  con- 
denser, apply  a  gentle  heat  at  first  to  the  retort  with  the  naked 
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flame  of  a  Bunsen  burner,  and  gradually  increase  the  heat  until 
the  contents  of  the  retort  are  at  a  dull  red  heat,  and  no  more 
liquid  is  being  distilled.  Note  the  volume  distilled,  and  the 
amount  of  water  separated  out.  It  is  important  that  the  oily 
layer  should  be  tested  for  neutral  tar  oils,  which  are  apt  to  be 
used  as  a  useless  adulterant.  Pour  the  liquid  into  a  separator, 
separate  the  oily  layer,  and  estimate  the  tar  oils  as  described 
on  page  344,  and,  if  necessary,  the  carbolic  acid  by  the  Koppe- 
schaar  process. 

(2)  Method  for  Powders  containing  Combined  Carbolic  Add, — 
This  process  can  be  applied  with  equal  advantage  to  powders 
containing  free  carbolic  acid  without  the  addition  of  sulphuric 
add.  Weigh  out  50  grms.  of  the  sample  into  a  200  cc.  glass 
mortar,  mix  with  the  aid  of  a  pestle  with  5  cc.  of  water, 
and  then  run  in  gradually  18  E  sulphuric  acid,  stirring  until  a 
decided  but  slight  excess  is  added ;  50  cc.  of  water  are  now 
added,  and  the  whole  poured  off  into  a  capacious  separator ; 
60  cc.  of  90  per  cent  benzol  are  now  added,  and  the  mixture 
thoroughly  agitated  for  some  time,  to  ensure  the  complete 
extraction  of  the  crude  carbolic  acid  by  the  benzol.  It  is 
then  allowed  to  separate,  the  benzol  solution  distilled,  and  the 
residual  crude  carbolic  acid  thus  isolated  examined  for  tar  oils 
and  carbolic  acid  by  the  methods  before  mentioned. 

Assay  of  Permanganate  of  Potash  {Condy's  Fluid). — 
The  value  of  this  useful  disinfectant  depends  upon  the  amount 
of  available  oxygen  present.  The  molecule  of  pure  perman- 
ganate of  potash  (I^MuaOs)  contains  five  atoms  of  available 
oxygen,  capable  of  destroying  by  oxidation  organic  matter, 
germs  of  disease,  &c.,  and  in  order  to  determine  the  amount  of 
available  oxygen  present  we  must  find  out  how  much  of  a  given 
substance  capable  of  being  oxidized  by  it  to  a  definite  form  is 
required  for  a  known  weight  Pure  crystallized  ammonio- 
ferrous  sulphate  [Fe(NH4)2(S04)2  6H80]isasalt  well  adapted 

E 
for  this  purpose,  and  an  —  solution  is  of  convenient  strength 

to  use,  which  is  prepared  by  dissolving  39*2  grms.  of  the  salf 
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(previously  dried  between  blotting  paper)  in  recently  boiled 
distilled  water,  and  diluting  to  i,ooo  cc  at  15®  C;  i  cc.  of 
this  solution  corresponds  to  'oooS  grm.  of  available  oxygen. 

Five  grms.  of  the  sample  are  carefully  weighed  into  a  beaker, 
dissolved  in  recently  boiled  distilled  water,  diluted  to  1,000 
cc.  at  15^  C.  in  a  graduated  flask,  thoroughly  mixed,  and  any 
sediment  present  allowed  to  subside;  50  cc.  of  the  clear  solution 
(=  •25  grm.  sample)  are  measured  into  a  150  cc.  beaker,  and 
20  cc.  of  5  £  H2SO4  added.  A  burette  is  now  filled  with 
the  ammonio-fenous  sulphate  solution,  and  this  is  gradually 
run  into  the  solution  of  the  sample,  stirring  until  the  last  drop 
added  gives  a  slight  but  permanent  pink  coloration  to  the 
liquid,  which  can  be  best  observed  by  holding  a  piece  of  tissue 
paper  behind  the  beaker.  Note  the  volume  required.  The  re- 
action that  takes  place  is  as  follows : — 

10  Fe(NH4)3(S04)s  +  8  H3SO4  +  KsMnsOe  =  5  Fe3(S04)s  + 
2  MnS04  +  KsS04  +  8  HaO  +  10  (NH4)3(SOi). 

E 

The  number  of  cc's  of  —  KjMnBO.  required  X  'oooS  X  4  X 

10 

100  =  percentage  of  available  oxygen  present. 

Assay  of  Ohioride  of  Lime  i^Bleachit^  Powder), — 
This  well  known  disinfectant  is  manufactured  by  passing 
chlorine  gas  over  slaked  lime  gradually^  so  as  not  to  raise  the 
temperature  of  the  substance,  otherwise  chlorate  of  lime  will 
be  produced,  which  is  of  no  use  as  a  disinfectant.  The  reac- 
tion which  goes  on  when  the  temperature  is  kept  low  may  be 
expressed  as  follows  : — 

3  Ca{OH)s  +  2  CI2  =  2  Ca  I  gg  +  CaCla  +  2  H3O. 

Bleaching  powder. 

If  the  temperature  be  raised,  it  is  decomposed  with  the  forma- 
tion of  hydrate  and  chlorate  of  lime,  and  calcium  chloride 
thus : — 

3  Cn3H606Cl4  =  5  CaCh  +  Ca(C103)a  +  3  CaHjOj  +  6  HiO. 

Bleaching  powder.  Chlorate  of  lime. 
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The  value  of  bleaching  powder  as  a  disinfectant,  depends  upon 
the  liberation  of  h3rpochlorous  acid,  which  is  a  very  powerful  oxi- 
dizing agent.  The  hypochlorous  acid  is  brought  about  by  the 
action  of  moist  air  containing  carbonic  acid,  calcium  carbonate 
being  simultaneously  produced.  When  used  as  a  bleaching 
agent  it  is  mixed  with  water ;  the  article  to  be  bleached  is 
dipped  into  the  mixture,  and  then  into  a  dilute  solution  of 
sulphuric  acid ;  chlorine  is  thus  liberated  in  a  nascent  state  in 
the  fibre  of  the  material,  which  combines  with  the  hydrogen  of 
water,  thus  liberating  nascent  oxygen,  which  in  its  turn  destroys 
the  colouring  matter  of  the  material.  Good  bleaching  powder 
should  contain  about  35  per  cent,  of  available  chlorine,  the 
maximum  amount  that  can  be  present  being  about  39  per  cent. 
But  owing  to  careless  manufacture,  exposure  to  air,  &c.,  the 
amount  of  available  chlorine  may  be  anything  below  this 
amount. 

The  best  method  for  determining  the  amount  of  available 
chlorine  in  bleaching  powder  is  that  devised  by  Penot,  which 
depends  upon  the  oxidation  of  arsenious  acid  (As^Os)  into 
arsenic  acid  (ASfOs)  by  the  sample,  thus :— 

As203  +  Ca(C10)3  =  AfisOs  +  CaGa. 

Solutions  Required. — Deci-Normal  Sodic  ArzenUe. — ^Weigh 

out  accurately  4*95  grms.  of  pure  arsenious  acid  into  a  300  cc. 

beaker,  together  with  35  grms.  of  pure  crystallized  carbonate 

of  soda;  pour  on  to  the  mixture  250  cc.  of  hot  water, 

and  heat  and  stir  until  all  goes  into  solution;   cool,  pour 

into  a  graduated  stoppered  litre  flask,  dilute  to  1,000  cc.  at 

E 
15°  C,  and  thoroughly  mix.   z  cc.  of  the  -  solution  =  '00355 

gnn.  chlorine. 

Starch  Test  Papers. — Weigh  out  about  3  grms.  of  starch 
into  a  glass  mortar,  and  make  into  a  paste  with  about  50  cc. 
of  water,  with  the  aid  of  a  pestle.  Pour  into  a  beaker  and 
gradually  add  200  cc.  of  boiling  water,  stirring,  and  then  add 
I  grm.  of  carbonate  of  soda  and  x  grm.  of  potassic  iodide 
dissolved  in  a  little  water,  and  dilute  the  whole  to  about  500  cc 
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Strips  of  filter  paper  are  moistened  with  this  solution,  and  after 
carefully  drying  they  are  put  into  a  stoppered  bottle  ready  for 
use. 

Tkf  Analytical  Process.  —  lo  grms.  of  the  well  mixed 
sample  are  weighed  into  a  150  cc.  glass  mortar,  60  cc. 
of  water  poured  on  it,  the  mixture  thoroughly  lixiviated  with 
the  aid  of  a  pestle,  and  the  sediment  allowed  to  subside  as  far 
as  possible ;  after  which  the  supernatant  and  turbid  solution  is 
decanted  off  into  a  graduated  stoppered  litre  flask ;  more  water 
is  added  to  the  residue  in  the  mortar  and  mixed  as  before,  and 
the  liquid  poured  off  into  the  flask ;  the  lixiviation  with  portions 
of  water  is  repeated  until  the  ^ole  of  the  sample  is  thus  got 
into  the  flask,  and  then  finally  diluted  to  1,000  cc.  at  15°  C. 

Accurately  measure  off  50  cc.  of  the  solution  (=  '5  grm. 

original  sample)  into  200  cc.  beaker,  and  gradually  run  in  the 

E 
standard  -  sodic  arsenite  solution  from  a  burette,  stirring  until 

a  drop  of  the  solution,  taken  out  with  the  stirrer,  no  longer 
produces  a  blue  stain  of  iodide  of  starch  upon  one  of  the  pre- 
pared starch  papers. 

Example. — 10  grms.  of  a  sample  of  bleaching  powder  was 
treated  as  above,  and  50  cc.  (=  '5  grm.  sample)  of  the  solu- 
tion required  48*5  cc  of  the  arsenious  solution  to  produce  no 
further  blue  coloration  of  the  starch  paper. 

I  cc.  of  —  arsenious  solution  =:  '00355  gnn.  chlorine. 

48*5  X  'C0355  =  '1722  grm.  chlorine  in  0*5  grm.  of  sample. 
•1722  X  2  X  100  =?  34'44  P^  <!ci^t.  available  chlorine. 


PART  IX. 

EXPLOSIVES. 


Nitro-Qlycerine  [C3H5(NOs)8]. — Nitro-glycerine  is  pre- 
pared on  a  large  scale  by  first  mixing  four  parts  of  36  E  HjSO^, 
and  one  part  of  22  £  HNOs  (funding)  in  a  wooden  vessel  lined 
with  lead,  and  allowing  to  cool,  after  which  one  part  of  glycerine 
is  allowed  to  run  into  the  mixture  in  a  thin  stream.  The  whole 
is  agitated  with  compressed  air  and  kept  cool  with  cold  water, 
which  runs  through  leaden  worms  contained  in  the  nitrating 
vessel.  The  temperature  of  nitration  should  not  exceed  25^  C. 
On  allowing  to  stand  for  some  time,  the  nitro-glycerine  separates 
as  an  oily  liquid  on  ihe  surface  of  the  acid,  which  is  separated, 
washed  first  with  water,  and  finally  with  a  dilute  solution  of  sodic 
carbonate  to  eliminate  the  last  traces  of  acids.  The  sulphuric 
acid  takes  no  part  in  the  reaction  beyond  keeping  the  nitric 
acid  up  to  the  proper  strength  by  combining  with  the  water 
produced  in  the  process.  The  reaction  may  be  represented 
as  follows : — 

CaH5(0H)s  +  3  HNOs  =  CsH5(ON02)s  +  3  H2O. 

It  is  important  that  all  free  acid  should  be  perfectly  neu- 
tralized, since,  if  any  is  left  in  the  finished  product,  it  is  liable 
to  spontaneously  decompose.  The  specific  gravity  of  nitro- 
glycerine is  1-600  at  15°  C,  and  it  solidifies  at  8^  C.  When 
heated  to  about  257°  C,  it  decomposes  with  a  sharp  detona- 


352  EXPLOSIVES. 

tton ;  a  similar  result  is  obtained  when  a  little  of  the  substance 
is  smartly  struck  or  compressed.  When  ignited  in  air  it  bums 
with  a  greenish  flame  without  explosion.  When  completely 
exploded  the  products  of  combustion  are  carbonic  acid,  nitrogen, 
water,  and  free  oxygen  which  may  be  represented  by  the  equa- 
tion : — 

2  C»H5  (NOs)3  =6  COa  +  5  HaO  +  N«  +  O. 

According  to  Bloxam,  when  nitro-glycerine  is  dissolved  in 
alcohol  and  warmed  with  ammonium  sulphide  it  is  decomposed, 
sulphur  being  separated,  the  reaction  being : — 

C8H6(ON02)8  +  3  NH4HS  =  C3H5(OH)8  +  3  NH^NOa+  S«. 

The  value  of  nitro-glycerine  can  be  determined  from  the 
amount  of  nitric  oxide  liberated  when  a  weighed  portion  is 
treated  with  sulphuric  acid  over  mercury  in  a  nitrometer,  as  in 
the  determination  of  nitrates  in  waters,  page  206.  This  process 
was  devised  by  Hempel  and  Lunge,  who  proceed  as  follows : 
0*2  grm.  is  introduced  into  the  cup  of  the  nitrometer  previously 
filled  with  mercury,  and  2  cc.  of  36  E  HaS04  added,  stirred 
with  a  glass  rod,  and  the  mixture  made  to  run  into  the  nitro- 
meter. The  cup  of  the  nitrometer  is  rinsed  out  with  successive 
small  portions  of  36  £  HaS04,  3  cc«  in  all  being  used*  The 
mixture  is  then  thoroughly  shaken  up  with  the  mercury  until 
no  further  evolution  of  nitric  oxide  occurs.  The  number  of 
cc's.   of  nitric  oxide  thus  produced  corrected  to  o""  C,  and 

iT                              *      u-  r   J  u    3*39  X  100     .         . 
760   mm.  mercury,  multiphed  by  ^^-^^ gives  the  per- 
centage of  nitroglycerine  present. 

ITie  Glycerine  used. — It  is  very  essential  that  the  quality  of 
the  glycerine  used  in  the  manufacture  of  nitro*glycerine  should  be 
of  the  best.  The  minimum  specific  gravity  should  be  1*261  at 
1 5^  C,  and  must  be  free  from  lime,  iron,  alumina,  chlorides  and 
fatty  acids.  Not  more  than  0*25  per  cent  of  inoiganic  and 
organic  matter  should  be  left  when  25  grams  of  the  sample  are 
evaporated  in  a  weighed  platinum  dish  and  the  residue  dried 
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in  an  air  bath  at  160^  C,  until  the  weight  remains  constant. 
The  residue  may  be  incinerated  and  the  amount  of  inorganic 
matter  present  thus  estimated. 

A  good  test  of  the  quality  of  glycerine  is  to  measure  the 
proportion  of  nitro-glycerine  yield  on  nitration.  Theoretically, 
I  lb.  of  glycerine  should  yield  2*47  lbs.  of  nitro-glycerine,  but  on 
the  manufacturing  scale  only  about  2  lbs.  are  produced,  due  to 
unavoidable  waste  and  the  formation  of  other  nitro-compounds 
which  are  carried  away  with  the  washings. 

In  a  laboratory  experiment  100  grams  of  good  glycerine 
should  yield  210  grams  of  nitro-glycerine.  The  following  is  a 
method  of  testing  the  yield  of  the  nitro-com pound : — Pour 
80  cc  of  mixed  acids  (3  of  16  E  HNOj  to  5  of  36  E  H2S04by 
weight)  into  a  300  cc  beaker,  and  its  contents  into  a  bowl  of 
cold  water,  then  run  in  gradually,  stirring,  10  grams  of  the 
glycerine  contained  in  a  small  beaker;  rinse  the  beaker  out 
with  a  little  of  the  mixed  acids  and  stir.  The  whole  is  now 
poured  into  a  100  cc.  graduated  burette,  and  the  mixture 
allowed  to  settle  for  about  half  an  hour  or  so,  when  all  the 
nitro-glycerine  will  have  separated,  the  volume  separated  is 
noted  and  its  quantity  by  weight  calculated  from  the  specific 
gravity  =  i'6o. 

The  following  is  an  example  of  a  determination : — 

10  grams  of  glycerine  gave  13 '2  cc.  of  nitro-glycerine. 

Then,  13*2  x  1*6  x  io=:.2ii*2  grams  per  100  grams  of 
sample. 

Dynamite. — Dynamite  is  usually  a  plastic  body  varying  in 
colour  from  brown  to  reddish  brown,  and  is  prepared  by  mixing 
nitroglycerine  with  a  highly  porous  substance  such  as  kie- 
selguhr,  largely  composed  of  silica. 

Dynamite  is  sent  out  in  cylindrical  rolls  of  a  thickness 
suitable  to  the  size  of  bore  holes  required,  and  covered  with 
parchment  paper  so  as  to  form  cartridges.  Packets  of  five 
pounds  of  cartridges  are  made,  and  ten  of  these  packages  go  to 
a  box. 

Explosives  of  the  dynamite  class  become  hard  or  frozen 
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when  exposed  to  cold,  about  40°  Fahr.  being  the  usual  freezing 
point,  but  they  still  remain  frozen  when  wanned  considerably 
above  this  point.  In  this  condition  dynamite  is  of  no  use  for 
blasting  purposes  unless  first  thawed.  Frozen  dynamite  is 
much  less  sensitive  to  a  blow  or  detonation  than  it  is  in  the 
unfrozen  state,  and  on  ignition  it  is  very  liable  to  explode, 
which  is  not  the  case  with  unfrozen  dynamite,  the  latter  burning 
away  without  explosion.  Great  care  should  be  exercised  in  the 
thawing  of  frozen  dynamite  cartridges,  since  there  have  been  a 
great  number  of  fatal  accidents  brought  about  by  warming  the 
cartridges  before  a  fire,  &c.,  and  by  methods  of  which  no 
gauge  of  temperature  can  be  obtained.  It  will  appear  obvious, 
when  it  is  considered  how  explosive  nitro-glycerine  compounds 
become  when  they  are  heated  near  their  points  of  explosion,  yiz« 
360^  Fahr.,  that  such  methods  of  thawing  are  highly  dangerous. 

A  safe  method  of  thawing  is  to  employ  an  apparatus  of  the 
glue-pot  principle.  Hot  water  at  a  temperature  of  about  140^ 
Fahr.  is  poured  into  the  outer  vessel,  then  the  dry  inner  pot 
containing  the  cartridges  is  allowed  to  digest  in  it  until  the 
latter  has  attained  its  normal  condition. 

There  are  two  varieties  of  dynamite  licensed  in  this  country, 
known  as  Dynamite  No.  i  and  Dynamite  No.  2,  the  latter 
being  a  slower  and  milder  variety  than  the  former.  The 
following  are  their  legal  definitions  : — 

^*  Dynamite  No,  i,  consisting  of  not  more  than  75  parts  by 
weight  of  thoroughly  purified  nitro-glycerine,  uniformly  with 
25  parts  by  weight  of — 

*'  {a)  An  infusorial  earth  known  as  kUsdguhr^  or 

''  (b)  A  non-explosive  mixture  of  kieselguhr  with  such  other 
ingredients  and  in  such  proportions  as  may  for  the  time 
being  be  sanctioned  by  the  Secretary  of  State. 
Provided — 

"  (i)  That  the  said  ktesdgiihry  or  (b)  non-explosive  mixture, 
shall  be  sufficiently  absorbent  in  quality  when  mixed  in 
the  above  proportions  to  prevent  exudation  of  nitro- 
glycerine; and, 

"  (2)  That  there  may  be  add^d  tO  the  kies^lguh^  o\  i^on- 
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explosive  mixture  an  amount  of  carbonate  of  ammonium 
not  exceeding  li  parts  by  weight  in  every  100  parts  by 
weight  of  finished  dynamite." 
The  ingredients  at  present  sanctioned  under  {d)  are  : — 


e  1  «   ^      ei.    •  \In  aU  8  parts  (or  less)  by 

Sulphate  of  banum  .    •    •  J         .  u*   .       v  *•*  *i      r 

...  f     weight,  in  substitation  for 

^  ,         I     an  equal  amount  by  weight 

Ochre    !    !    \    \    \    y.  )    o^^«^P»^^- 


Provided  that  the  total  amount  of  carbonate  of  sodium  shall  in 
no  case  exceed  3  parts  by  weight  in  every  100  parts  by  weight 
of  the  finished  dynamite. 

^*  Dynamite  No.  2,  consisting  of  not  more  than  18  parts  by 
weight  of  thoroughly  purified  nitro-glycerine,  uniformly  mixed 
with  82  parts  by  weight  of  a  pulverised  preparation,  composed 
of  nitrate  of  potassium  71  parts,  charcoal  not  less  than  10 
parts,  and  purified  paraffin  {pr  ozokerit)  x  part  {or  nitrate  of 
potassium  72  parts,  and  charcoal  not  less  than  10  parts)  by 
weight,  and  sufficiently  absorbent  in  quality  when  mixed  in  the 
above  proportions  to  prevent  exudation  of  nitro-glycerine*" 

There  are  numerous  explosives  of  the  dynamite  class  now  in 
the  market,  containing  a  variety  of  substances,  many  of  which 
are  not  classified  among  the  explosives  licensed  in  this  country. 
For  the  composition  of  various  kinds,  see  page  361. 

Determination  of  Water. — Water  cannot  be  determined 
by  drying  a  weighed  portion  of  the  sample  in  a  water  oven, 
since  nitro-glycerine  is  thereby  volatilized.  Two  grms.  of  the 
sample  are  reduced  carefully,  as  finely  as  possible  with  the  aid 
of  a  horn  spatula,  and  dried  in  a  vacuum  over  strong  sulphuric 
acid  until  the  moisture  is  eliminated. 

Determination  of  Nitro-Glycerine. — When  other  substances 
soluble  in  methylated  ether  are  absent,  the  nitro-glycerine  can 
be  determined  by  exhausting  2  grms.  of  the  sample  with 
methylated  ether  in  a  Soxlet's  fat  extraction  tube  (Fig.  77),  and 
weighing  the  residuum,  the  loss  being  taken  as  nitro-glycerine. 
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The  nitro-glycerine  cannot  be  accurately  determined  by  the 
evaporation  of  the  ethereal  extract  and  weighing  the  residue, 

since  there  is  a  sensible  loss  of  nitro>glycerine 

by  this  means. 

Gelatine  Dynamite^  Gelignite^  or  Blasting  Gda^ 

tine. — ^The  writer  is  indebted  to  Mr.  P.  G. 

Sanford  for  a  private  communication  on  the 

methods  of  analysis. 

1.  Weigh  out  about  lo  grams  and  place  over 
CaCla,  in  a  vacuum ;  alter  a  few  days  reweigh, 
and  again  place  in  exicator  until  constant  in 
weight     Loss  =  moisture. 

2.  Place  the  dry  sample  in  a  500  cc  Erlen- 
meyer  flask,  and  pour  over  it  250  cc.  of 
ether-alcohol  (2:1),  shake,  and  allow  to  stand 
over-night;  when  all  the  nitro-glycerine  and 
collodion  cotton  has  dissolved,  filter  through  a 
tarred  filter,  and  wash  with  ether-alcohol. 

3.  Residue^  which  consists  of  KNO^  and  wood  pulp,  and 
any  sodic  carbonate  which  may  be  present,  is  dried  at  60^  C. 
and  weighed ;  the  residue  is  then  detached  from  the  filter  and 
boiled  several  times  in  distilled  water,  decanting  the  water  each 
time  through  a  weighed  filter.  The  residue  upon  the  filter 
must  be  well  washed  with  hot  water  dried  at  100?  C.  and 
weighed  =s  woodpulp.  The  solution  which  contains  the 
RNO3  is  evaporated  to  dryness  in  a  platinum  dish  and 
weighed  =  RNOs.  This  residue  must  be  tested  for  the 
presence  of  sodic  carbonate. 

4.  •&/2//tri7;i-- contains  the  collodion  cotton  and  nitro- 
glycerine ;  to  this  solution  add  excess  of  chloroform,  which 
precipitates  the  nitro-cotton  ;  filter  through  a  linen  filter  (this 
is  best  done  by  keeping  the  funnel  warm),  dry  at  40?  C.  in  an 
air-bath ;  when  dry,  detach  from  filter,  and  redissolve  ether- 
alcohol,  and  then  again  precipitate  with  chloroform,  filter,  &Cy 
and  dry  at  between  40^  and  90^  C. ;  detach  from  filter  and 
weigh  upon  a  watch-glass  ==  nitrthcotton. 

The  solution  may  be  evaporated  to  obtain  the  nitro-glycerine^ 
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but  the  result  will  be  much  too  low  and  the  nitro-glycerine  is 
best  found  by  difference. 

The  following  are  analyses  of   various  nitro-compounds 
analysed  by  the  foregoing  methods : — 


Gelatine  dynamite. 
Nitro-cottoi      =    7 '632  7^ 

NitFO-glycexine  ^  7 1 '  1 28  „ 

Wood  pulp        =   4-259  „ 

Potasdc  nitrate  =  16*720  ,, 

Water        =  0*261 


ft 


Gelignite. 
4'88«  7o 
60*514  „ 

7-178  n 

27*420  „ 

Nil. 


Blasting  gtdatine. 
0*900 

91*100 


$9 


100*000 


100*000 


100-000 


Analysis  of  Kissrlouhr  Dtnamitb. 

Nitro-gl]rcerine  ^  73*431 

Kieselgnhr       =:  26*370 

Water        =   0*199 

100-000 


Collodion  Cotton. 


Collodion  cotton 
Trinitro-cellolose,  or  gnn-cotton 
Non-nitrated  cellulose  ^  trace 


-9J;85J^  Nitrogen  ==  11*49  7c 


100*000 


The  following  is  a  tabulated  scheme,  arranged  by  Allen,  for 
the  analysis  of  nitro-gl}cerine  compounds : — 
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Gunpowder. — Gun  powder  is  a  mechamcal  mixture  of  nitre, 
charcoal  and  sulphur.  Good  charcoal  obtained  from  dogwood, 
willow,  or  alder,  is  the  best  for  the  purpose;  the  sulphur  preferred 
is  that  which  has  been  distilled  and  ground  to  a  fine  meal ;  and 
nitre  only  of  the  first  quality  is  employed. 

The  proportion  of  these  ingredients  varies  in  different  coun- 
tries, and  also  according  to  the  purpose  for  which  the  gunpowder 
is  proposed  to  be  used. 

The  following  table  shows  the  percentage  compositions  of 
gunpowders  of  various  countries : — 


Nitre. 

Snlpbnr. 

Charcoal. 

English  and  Austrian  (musket) 

75 

10 

'5 

IVussian  (mnsket)  ,        .        .        . 

75 

"•5 

\P 

Swedish 

75 

9 

Chinese 

75-7 

9.9 

14-4 

French  (mnsket)    .... 

750 

12*5 

12*5 

„       Upoitmg)  .... 

76-9 

9*6 

\P 

„       (toasting)  .... 

62 

20 

The  products  of  combustion  of  gunpowder  are  very  compli- 
cated, the  composition  varying  according  to  the  manner  in 
which  the  powder  is  fired.  Karolyi,  Noble  and  Abel  suc- 
ceeded in  making  an  analysis  of  the  products  of  combustion 
of  gunpowder. 

The  following  shows  some  of  the  results  obtained  by  firing 
three  kinds  of  powder  under  the  conditions  of  artillery  prac- 


tice : — 


(I)     COlfTOSmON  OF  THB  FbWDBR  USSD* 


Nitre     • 
Sulphur 
•j  /Carbon   * 
8  I  Hydrogen 
I  )  Oxygen  * 
O  VAsh 
Water   . 


Ordnance 
powder. 

.     7378 

.     12*80 

.    10-88  N 

Small  arms 
powder* 

7715 
863 

1 1*78  V 

Pebble  powder 
(Noble  and  Abel). 

74-67 
10*07 
12*12^ 

.      0-38 

1*82  j 

'3-39        ZT9 

14-27 

^11  r^ 

.     0-31  ^ 

0*28^ 

0*23' 

— 

— 

0-95 

99*97 


100*05 


9991 


D  D 


36o 
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(2)    Products  op  Combustion  of 

100  Parts  bt  Weight. 

Sifi^H  aims 

P^bUe  powder 

powder. 

.powder. 

(Noble  and  Abel). 

Nitrogen          •        • 

.      9-77 

IO'06 

"•39 

Carbonic  add 

»    17-39 

2179 

2770 

Carbonic  oxide         •       , 

»      2*64 

1-47 

473 

Hydrogen 

0  II 

0*14 

0*05 

Sulph.  hydrogen       • 

.      0*27 

023 

0-84 

Marsh  gas 

•      040 

0-49 
34-18 

0-I2 

Total  gaseooa 

i    3058 

4483 

Amnionic  lesqaicarbonatc 

i      2-68 

2-66 

0-04 

Potassic  sulphate 

.    36-95 

3617 

6-58 

„      carbonate    . 

19-40 

2078 

3098 

,,      thiosnlphate 

.      2*85 

1-77 

338 

„      sulphide      •        , 

O'll 

OtX) 

10-55 

Charcoal  .        .        •        « 

►      2-57 

2'60 

— 

Sulphur    .        •        •        . 

469 

i-i6 

340 

Loss         •        .        .        « 

0-17 

0*68 

— 

Potassic  sulphocyanate 

— 

— 

0-13 

,f       nitrate 

— 

— 

o-ii 

Total  solid 

I    69-42 

65-82 

55-17 

(3)    Products  of  Coia 

3USTION  BT 

Volume  in  100  of  Gas. 

Ordnance 

Small  anns 

Pebble  powder 

powder. 

powder. 

(Noble  and  Ahd) 

Nitrogen  •       .        .        « 

37-58 

35-33 

3219 

Carbonic  acid  .        •        . 

42-74 

4890 

49-82 

Carbonic  oiide         •        • 

10*19 

Si8 

13-36 

Hydrogen         .        .        • 

5-93 

6-90 

2-08 

Sulphuretted  hydrogen     • 

0-86 

0*67 

1-96 

Marsh  gas 

270 

3.02 

0-58 

100*00 


100-00 


99-99 


The  Analysis  of  Gunpowder. — Estimation  ofAfaisHtre. 
— Weigh  out  5  grms.  of  the  powdered  sample  into  a  porcelaia 
basin,  and  dry  in  vacuo  over  sulphuric  acid  until  no  further  loss 
in  weight  occurs.    The  loss  =  moisture. 

Estimation  of  Nitrogen, — ^The  residue  from  the  estimation  of 
moisture  is  exhausted  with  water,  and  filtered  through  a  tube 
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containing  a  plug  of  glass  wool,  as  in  Fig.  5,  into  a  weighed 
dish.  When  all  soluble  matter  has  been  extracted,  the  solution 
is  evaporated  to  dryness  and  the  residue  weighed.  The  resi- 
due should  be  again  dissolved  in  water,  and  tested  for  sulphates 
and  chlorides,  the  sulphates  being  precipitated  with  nitrate 
of  barium>  and  the  resulting  BaSOi  filtered  off  and  estimated 
if  necessary.  The  chlorides  could  be  determined  in  the  filtrate 
by  precipitating  with  nitrate  of  silver,  and  filtering  the  resulting 
AgCl. 

Estimatioft  of  Sulphur, — ^The  residue  left  in  the  tube  after 
the  exhaustion  with  water,  is  dried  in  the  tube  by  passing  a 
current  of  air  through,  which  has  been  previously  dried  by 
passing  through  sulphuric  acid.  The  sulphur  is  then  esti- 
mated in  the  manner  described  for  the  estimation  of  sulphur  in 
spent  oxide,  page  331. 

The  Charcoal  may  be  taken  by  difference.  If  it  be  neces- 
sary to  determine  the  quality  of  the  charcoal,  this  could  be 
obtained  by  the  method  given  on  page  129  for  the  analysis  of 
coal. 

Patent  EzplOBiyes. — Subjoined  will  be  found  the  com- 
position of  a  few  of  the  many  patent  explosives  now  in 
existence* : — 

Class  I.    Nptrated  PowDiuts. 


Bolton* s  Powder, 

Parts. 

Carbonate  of  copper 

.         8 

Graphite 

10 

Prepared  quicklime 

.      14 

„      alum 

.      50 

„      sugar      . 

•    350 

Nitrate  of  soda     . 

»    350 

Soda  ash 

20 

Ferrocvamde  of  potassium 

.    300 

Charcoal 

.        < 

30 

Carbonate  of  potash 

.        • 

450 

fyronome. 
Nitrate  of  soda      . 

. 

Parts. 

Spent  tan 
Sulphur 

• 

.  ao-o 

Diorrexin  1 

an  Austrian 

\expl 

'osivt) 

Nitrates  of 

potash  and  soda 

60 

Sulphur 
Sawdust 

.    12 

.    10 

Charcoal 

.     7 

Picric  acid 

1*5 

Moisture 

•     7-5 

*  For  further  information  with  regard  to  the  preparation,  composition, 
Ice,  of  various  explosives,  see  Major  Cundill's  ''  Dictionary  of  Explosives  " 
and  BCr.  Eisslex's  «« Handbook  of  Modem  Explosives." 
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Class  I.    Nitrated 
Johnitt. 


Nitrate  of  potash  . 
Salphw  •  • 
Lignite 

Vicrateofsoda 
Chlorate  of  potash 


Parts. 

75 

ID 
ID 

3 

2 


PudrMthe, 


Saltpetre 
Sulphor 
Charcoal       • 
Nitrate  of  baryta 

„      „  soda 
Sawdust 
Spent  tan      • 


C8 

12 

6 

3 
3 
5 
3 


CourteiUe^s  Powder. 


Nitrate  of  soda  or  potash  6o  to  75 
Sulphur  .  .  .  10  „  12 
Charcoal  .  •  .  7  „  10 
Peat  and  hard  coal  •  9  ,.  12 
Combined  metallic  sul 

phates 
Oleaginous    matter, 

animal  or  vegetable 

(or  tar),  refined  or 

crude         •        • 


»» 


>» 


»» 


Powders  {continued). 

Daveys  Powder, 

Saltpetre 

Sulphur        .        .        • 

Charcoal 

Flour,  bran,  or  staich     . 

lyroiithe. 

Saltpetre 
Nitrate  of  soda 
Sulphur 
Sawdust        . 
Charcoal 

Safety  Blasting  P&wrd. 

Saltpetre 
Sulphur 
Lampblack   • 
Spent  tan  or  sawdust 
Sulphate  of  iron    . 

Schaffer^s  Po-jrder, 

Saltpetre      ...  30 
Nitrate  of  soda      • 

Sulphur        ...  8 

Charcoal       ...  7 

Rochellesalt  4 

VioleUe's  Powder. 
Nitrate  of  soda 
Acetate  of  soda     • 


Parts. 

16 
13 

8 


5"-5 
i6'0 

20-0 

ii-o 

»5 

70 
12 

5 

«3 


to  38 
40 

to   12 

8 
6 


62-5 
37-5 


Dynamogen. 

Parts. 

Yellow  pmssiate  of  potash    .  17 

Water »50 

Charcoal       •        •       •        •  i7 

After  boiling,  and  cooled, 
there  are  added : — 

Potash 35 

Chlorate  of  potash        .        .  7^ 

Starch 10 

Water 5© 


Class  IL    Chlorate  PowdiiRS. 

JaUne. 

Nitrate  of  potash  • ' 
Sulphur        •        •        • 
Lignite  .        •         • 

Picrate  of  soda     • 
Chlorate  of  potash         • 

KnajffPs  Powder, 

Chlorate  of  potash 
Nitrate  of  potash  . 
Sulphur        .        • 
Ulmate  of  ammonia      • 


65  to  75 

10 

10  to  50 

3  »»     8 
2 

46 
26 

10 
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Class  II.    Chloxatr  Powdrxs  (cantmtud). 

Nisser^s  Pcmder, 


Ehrhardlts  Powders, 

Artil-  Blast 
Ifry.      ing. 
Pts.       Pts. 

Chlorate  of  potash  i 
Saltpetre  .  .  i 
Charcoal  .  •  — 
Tannic  add  i 


I 

X 


4 


Goet^  Powder, 

Chlorate  of  pota&h 
Glucose  solution   • 
Charcoal  in  powder       • 
Sulphur         .        .        . 
Amorphous  phosphorus 
Picrate  of  lead 


Shells 

Pts. 
I 


Parte. 
10 

10 

3 

2 

I 

3 


Yellow  prussiate  of  potash 
Bichromate  of  potash    . 
Chlorate  of  potash 
Nitrates  of  soda  and  potash 
Vegetable  matter  . 


Parte. 
10-5 

44*5 
6-5 


Mineral  and  vegetable  carbon   19-5 


Sulphur 


Pyronome. 


Saltpetre 

Sulphur        •        • 
Charcoal       »        « 
Antimony     . 
Chlorate  of  potash 
Rye  flour 


15-5 

69 

9 
10 

8 

5 

4 


Class  III.    Dynamits  Powders. 


Atlas  Pcwders, 

A.  B. 

Pte.  Pts. 

Sodium  nitrate     .        .    2  34 

Wood  fibre  .                .21  14 

Magnesium  carbonate   .    2  2 

Nitroglycerine      .        .75  50 


Parte 

40 
25 

ID 

5 

10 

10 


Castellanos  Powder, 

Nitroglycerine 

Nitrate  of  Potash  .  .  • 
Picrate  .... 

Sulphur  .... 
Insoluble  salts  (silicates,  &c.) 
Carbon  .... 

Pttralitke. 

Nitroglycerine       .  .  640 

Nitrate  of  ammonia,  soda  or 

urea 120 

Palmitinate  of  cetyl       .        .      2^ 
Carbonate  of  lime  .      2^ 

Animal  or  vegetable  charcoal  230 
Bicarbonate  of  soda       .        .      5 


Vulcan  P^iwder, 

Nitroglycerine  •  .     . 

Nitrate  of  soda  • 

Sulphur        .  ,  • 

Charcoal       .  .  • 

Diasp&n, 

Nitroglycerine 
Nitrocotton  .        • 
Nitrate  of  soda     • 
Wood  cellulose     • 
Sulphur 

Dualine, 

Nitroglycerine 
Fine  sawdust         . 
Saltpetre       •        • 


Parts. 
30 

7 
105 


47     to  63 

0-5  »>    30 
22 


8 
3 


f> 


i> 


>» 


23 
18 

9 


50 

30 
20 


Hercules  Powders, 

No,  t.  No.  a« 
Pte.       Pte. 

Carbonate  of  magnesia  20*85  10  00 
Nitrate  of  potash  •  2*  10  3 1  -co 

Chlorate  of  potash  1*05    3*34 

White  Sugar        •         I'oo  15*66 
Nitroglycerine       .        75*00  40.00 
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Clam  III.    Dynahitx  Powdxks  {cMOmmed), 


Rsndrock, 

Nitrate  of  potash  • 
Nitroglycerine  • 
Wood  fibre  .  . 
Paraffin  or  pitch    • 


Parte. 
40 

40 

13 

7 


VigoriU. 


Nitroglycenne 
Nitrate  of  soda 
Charcoal       . 
Sawdost        • 


30 
60 

5 
5 


Class  IV.    Guitcottom  Class. 


Amnumia  NUraU  Fowder, 


Ammoninm  nitrate 
Potasiiam  chlorate 
Nitroglncose  • 
Coal  tar        • 


NitronaphthaUne. 

Nitronaphtbalene  . 
Saltpetre       .        •        . 
Charcoal       •        •        • 
Sulphur 

Pettv/acteur. 

Ni(ro*benzene 
Chlorate  of  potash 
Nitrate  of  potash  . 
Salphide  of  antimony   • 


Porte 
80 

5 

10 

5 


.  10 

.  75 

.  12*5 

•  12*5 


10 

67 

20 
3 


yohnson*s  Powders^ 


Nitrocellolose 
Potassium  nitrate . 
Torrefied  starch     . 


For  Mlfiteiy  Arms. 
Parts. 


50 
10 


Beim,  S^untg,  Roburiie. 
These  explosives,  which  have 
advantages  for  firing  in  coal  mines, 
are  mixtures  of  nitrate  of  ammo- 
nium with  di  or  tri  nitro-b^nzole, 
or  chlorinated  di  nitro-bensole. 

SckulUtPawdir. 

SolnUe  nitrolignin  .  « 
Insoluble  nitrolignin  . 
Lignin  .... 
Nitrate  of  potash  and  barium 
Paraffin  .... 
Matters  soluble  in  alcohol  • 
Mobture    •       •       •       • 


Parts. 
2483 
23-36 

1314 

3a-35 

3*65 

0*11 

a-S6 


Class  V.    Picuc  Powdeks. 


DesfgnolUs  Famders* 

For  Torpedoes  Smmtt 

and  Shells.  Arms 

Pfts  Pta 

Picrate  of  potash        55'  28-6 

Saltpetre  .    45  65*0 

Charcoal       .        .    —  6*4 


Chlorate  of  potash         .        .  80 

Picric  add     .        ,        ,       .  no 
Nitrate  of  potash,  soda,  or 

baryta        •        •        .        •  10 

Charcoal        ....  5 
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MtUniU  and  Lyddite, 

Picric  add  embedded  in  collodion. 
Also  fused  picric  acid  used  with  a 
gun-coUon  priiner. 


Picric  Powder  » 
(Abel's.) 

Saltpetre  • 

Picrate  of  Ammonia     • 


TurpirCs  Bxplosires. 
Same  as  Melinite* 


Parts. 
3 

2 


Emmensite. 

This  explosive  is  produced  by 
treating  picric  add  with  fuming 
nitric  add.  The  crystals  thus  pro- 
duced are  mixed  with  a  nitrate. 


Tschimer's  Powder, 


Picric  Add  . 
Clilorate  of  Potash 
Resin   •*       •        • 


Paris. 

57 

43 

5 


This  mixture  is  moistened  with 
benzene  or  petroleum  to  dissolve 
the  resin. 


Bronoliihe. 


Barium  sodium  picrate 
Lead         „ 
Potassium  „ 
Nitronaphthalene 
Saltpetre    • 
Sugar 

Gum  •        •        • 
Lampblack  •       • 


Percent. 
15    to  30 
>i30 


» 


10 
20 


8 

5 
20    ,,40 

1-5  f.  3 
a  ••  3 
o*S.»  4 


DETBBMIlTATIOir    OF    STABILITY    OF 

BZPLOSIVES. 

InstmotionB  as  to  Tests  issued  by  the  Home  Office. 

Heat  Test  as  applied  to  Explosives  of  the  ITitro- 
Oompound  Glass  (as  defined  by  Order  in  Council  No.  i, 
of  5th  August,  1875). 

General  Instructions. 
Apparalus  required. 

(i)  A  water  bath,  consisting  of  a  spherical  glass  or  copper 
vessel  (a),  Fig.  78,  of  about  8  inches  diameter,  and  with  an 
aperture  of  about  5  inches ;  the  bath  is  filled  with  water  to 
within  a  \  inch  of  the  edge.     It  has  a  loose  cover  of  sheet 
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copper  abont  6  inches  in  diameter  {3),  and  rests  on  a  tripod 
stand  about  14  inches  high  (f),  which  is  covered  vith  cx»ise 
iron  wire  gauze  {e),  and  is  surrounded  with  a  screen  trf  thin 
sheet  tin  or  copper  (</].  Within  the  latter  is  placed  an  argand 
burner  (/)  with  glass  chimney.  The  cover  (*)  has  four  holes 
arranged  as  seen  in  Fig.  79,  No.  4  to  lecave  the  legolatar, 


No.  3  the  thermometer,  Nos.  i  and  2  the  test  tubes  containing 
the  gun-cottOD  or  other  materials  to  be  tested.  Around  hol^ 
I  and  a  on  the  other  side  of  the  cover  are  soldered  three  pieces 
of  brass  wire  with  points  slightly  converging  (Fig.  80) ;  these 
act  as  springs  and  allow  the  test-tubes  to  be  easily  placed  in 
position  and  removed. 
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*(2)  Scheibler's  or  Page's  temperature  regulator. 

^.  V  «,         „     .  »     ^1      ,  ,.  ,  ^T        /  if  Scheibler's 

*(3)  Two  cells  oi  Le  Clanch^'s  battery  No.  i  (     regulator  is 
♦(4)  A  few  yards  of  insulated  copper  wire      1     /^ 

(5)  Test  tubes  from  5^  to  si  inches  long,  and  of  such 
diameter  that  they  will  hold  from  20  to  22  cubic  centimetres 
of  water  when  filled  to  a  height  of  5  inches. 

(6)  Indiarubber  stoppers,  fitting  the  test  tubes  and  carrying 
an  arrangement  for  holding  the  test  paper,  viz.,  a  narrow  glass 
tube  passing  through  the  centre  of  the  stopper,  drawn  out  so 
as  to  form  a  hook,  or  terminating  in  a  platinum  wire  hook 
(Kg.  81). 

(7)  A  thermometer,  with  range  not  less  than  from  30^  to 
212^  Fahrenheit 

(3)  A  minute  docL 

Materials  Required. 

(a)  Test  Paper. — ^The  test  paper  is  prepared  as  follows : — 
45  grains  of  white  maize  starch  (corn-flour),  previously  washed 
with  cold  water,  are  added  to  8jt  ounces  of  distilled  water ;  the 
mixture  b  stirred,  heated  to  boiling,  and  kept  gently  boiling 
for  ten  minutes ;  15  grains  of  pure  potassium  iodide  (i.^.,  which 
has  been  re-crystallised  from  alcohol)  are  dissolved  in  8^  ounces 
of  distilled  water.  The  two  solutions  are  thoroughly  mixed 
and  allowed  to  get  cold.  Strips  or  sheets  of  white  English 
filter  paper,  previously  washed  with  water  and  re-dried,  are 
dipped  into  the  solution  thus  prepared,  and  allowed  to  remain 
in  it  for  not  less  than  ten  seconds ;  they  are  then  allowed  to 
drain  and  dry  in  a  place  free  from  laboratory  fumes  and  dust 
The  upper  and  lower  margins  of  the  strips  or  sheets  are  cut  off, 
and  the  paper  is  preserved  in  well-stoppered  or  corked  bottles 
and  in  the  dark.  When  the  paper  is  freshly  prepared,  and  as 
long  as  it  remains  in  good  condition,  a  drop  of  dilute  acetic 
acid,  put  on  the  paper  with  a  glass  rod,  produces  no  coloration. 

*  This  is  not  absolutely  required,  as  the  temperature  of  the  bath  can  be 
kept  constant  by  proper  attention  to  th,e  heating  flame. 
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In  process  of  time,  however^  the  stronger  the  light  to  which  the 
paper  is  exposed,  the  sooner  a  drop  of  the  acid  produces  a 
brown  or  bluish  coloration  (a  single  hour  of  direct  sunlight 
produces  a  marked  effect),  and  whenever  this  is  the  case  the 
paper  should  be  rejected.  On  this  account  it  is  advisable  not 
to  prepare  too  much  of  the  test  paper  at  one  time,  but  to 
prepare  it  fresh  every  month  or  so. 

(b)  Standard  Tint  Paper. — ^A  solution  of  caramel  in  water 
is  made  of  such  concentration  that  when  diluted  one  hundred 
times  (lo  cc  made  up  to  i  litre)  the  tint  of  this  diluted  solu- 
tion equals  the  tint  produced  by  die  Nessler  test  in  loo  c.c« 
water  containing  0*000075  grm.  of  ammonia  or  0-00023505 
grm.  of  chloride  of  ammonium.  With  this  caramel  solution 
Knes  are  drawn  on  strips  of  white  filter  paper  (which  paper 
must  be  carefully  wa^ed  with  distilled  water  in  the  first 
instance,  to  remove  any  traces  of  bleaching  matter,  and  dried) 
by  means  of  a  clean  quill  pen.  When  the  marks  thus  pro- 
duced are  dry,  the  paper  b  cut  into  pieces  of  the  same  size 
as  the  test  paper  previously  described,  in  such  a  way  that 
each  piece  has  a  brown  line  across  it  near  the  middle  of  its 
lengdi,  and  only  such  strips  are  preserved  in  which  the  brown 
line  has  a  breadth  varying  firom  i  mm.  to  i  mm.  (/^  inch  to 
fVinch). 

Testing  Dynamite,  Blasting  Gtolatine,  and  other 
EiQ^losiyes  of  the  First  Diviaion  of  the  Hitro- 
compound  Class. 

A.— DYKAMITB,  fto.,  fto. 

Nitro-glycerine  preparations,  firom  which  the  nitro-glycerine 
can  be  extracted  in  tiie  manner  described  below,  must  satisfy 
the  following  test,  otherwise  they  will  not  be  considered  as 
manufactured  with  "  thoroughly  purified  nitro-glycerine  "  within 
the  terms  of  the  licence. 

This  test,  however,  though  at  present  looked  upon  as  the 
most  important,  as  far  as  testing  the  purity  of  the  nitro-glycerine 
is  concerned,  is  only  one  of  several  which  any  giyen  sample  of 
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nitro-glycerine  preparation  has  to  satisfy  in  order  to  establish 
its  compliance  with  the  definition  in  the  licence. 

The  test,  although  at  present  accepted  as  regulating  and 
defining  the  meaning  of  the  terms  "  thoroughly  purified,"  may 
nevertheless  be  modified  or  superseded  if,  in  the  opinion  of 
the  Home  Office,  such  alteration  may  at  any  time  be  deemed 
necessary. 

Apparatus  Required, — A  funnel  2  inches  across  (^,  a  cylin- 
drical measure  divided  into  grains  (^),  see  Fig.  82. 

Mode  of  Operation. — About  300  to  400  grains  of  djmamite 

(b)  finely  divided  are  placed  into  the  funnel,  ^hich  has 
previously  been  loosely  plugged  by  some  fireshly  -  ignited 
asbestos  (a). 

The  surface  is  smoothed  by  means  of     j       '  *'  1 

a  flat-headed  glass  rod  or  stopper,   and    ^y 
some  clean  washed  and  dried  kieselguhr 

(c)  is  spread  over  it  to  the  depth  of  about 
^indu 

Water  is  next  carefully  dropped  firom  a 
wash  bottle  upon  this  kieselguhr,  and  when 
the  first  portion  has  been  soaked  up,  more 
is  added ;  this  is  repeated  until  sufficient 
nitro-glycerine  has  been  collected  in  the 
graduated  measure  {e)  below. 

If  any  water  should  have  passed  through 
with  the  nitro-glycerine,  it  should  be  re- 
moved with  a  piece  of  blotting  paper,  and 
the  nitro-glycerine,  if  necessary,  filtered 
through  a  dry  paper  filter. 

Application  of  the  Test. — ^The  thermometer  is  fixed  so  as  to 
be  inserted  through  the  lid  of  the  water  bath,  described  before, 
into  the  water  (which  is  to  be  steadily  maintained  at  a  tempera- 
ture of  160^  F.)  to  a  depth  of  2^^  inches.  Fifty  grains  of 
nitro-glycerine,  to  be  tested,  are  weighed  out  into  a  test  tube  in 
such  a  way  as  not  to  soil  the  sides  of  the  tube.  A  test  paper 
is  fixed  on  the  hook  of  the  glass  rod  so  that  when  inserted  into 
the  tube  it  will  be  in  a  vertical  position.    A  sufficient  amount 
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of  a  mixture  of  half  distilled  water  and  half  glycerine  to  moisten 
the  upper  half  of  the  paper  is  now  applied  to  the  upper  edge 
of  the  test  paper  by  means  ot  a  camel's  hair  pencil,  the  cork 
carrying  the  rod  and  paper  is  fixed  into  the  test  tube  and  the 
position  of  the  paper  adjusted  so  that  its  lower  edge  is  about 
half-way  down  the  tube ;  the  latter  is  then  inserted  through  one 
of  the  perforations  of  the  cover,  to  such  a  depth  that  the  lower 
margin  of  the  moistened  part  of  the  paper  is  about  f  of  an  inch 
above  the  surface  of  the  cover.  The  test  is  complete  when  the 
faint  brown  line,  which  after  a  time  makes  its  appearance  at 
the  line  of  boundary  between  the  dry  and  moist  part  of  the 
paper,  equals  in  tint  the  brown  line  of  the  standard  tint  paper. 
The  nitro-glycerine  under  examination  will  not  be  considered 
as  thoroughly  purified  within  the  terms  of  the  licence  unless 
the  time  necessary  to  produce  the  standard  tint  as  above 
described  is  at  least  15  minutes. 


B.— BLASTING     GELATIITE,    GELATIITB    DYNA- 
MITE,   AND    ANALOGOUS    PBSPABATION& 

Fifty  grains  of  blasting  gelatine  are  to  be  intimately  incor- 
porated with  100  grains  of  French  chalk.  This  may  be  readily 
effected  by  carefully  working  the  two  materials  together  with  a 
wooden  pestle  in  a  wooden  mortar.  The  mixture  is  to  be 
gradually  introduced  into  a  test  tube  of  the  dimensions  recom- 
mended above  for  the  dynamite  heat  test,  with  the  aid  of  gentle 
tapping  upon  the  table,  between  the  introduction  of  successive 
portions  of  the  mixture  into  the  tube,  so  that  when  the  tube 
contains  all  the  mixture  it  shall  be  filled  to  the  extent  of  1}  inch 
of  its  height  The  test  paper  is  then  to  be  inserted,  and  the 
heat  is  to  be  applied  in  the  manner- prescribed  above  for  the 
dynamite  heat  test,  and  the  sample  tested  as  to  withstand 
exposure  to  160^  F.  for  a  period  often  minutes,  before  produc- 
ing a  discoloration  of  the  test  papers  corresponding  in  tint  to 
the  standard  colour  test  which  is  employed  for  governing  the 
results  of  the  dynamite  heat  test. 
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Testiiig  Qun-Cottoiiy  Sohultze  Ganpowder,  E.  C. 
Powder,  and  other  EzpIoBives  of  the  2nd  Division 
of  the  Nitro-Compoiind  Class. 

A— COMPBESSED  GUN-COTTOE-,  TONITE,  Ao.,  Ao. 

Sufficient  material  to  serve  for  two.  or  more  tests  is  removed 
from  the  centre  of  the  cartridge  by  gentle  scraping,  and,  if 
necessary,  further  reduced  by  rubbing  between  the  fingers. 

The  fine  powder  thus  produced  is  spread  out  in  a  diin  layer 
upon  a  paper  tray  6  inches  by  4^  inches,  which  is  then  placed 
inside  a  water  oven,  kept  as  nearly  as  possible  at  120°  F. 

The  wire  gauze  shelves  in  the  oven  should  be  about  3  inches 
apart  The  sample  is  allowed  to  remain  at  rest  for  fifteen 
minutes  in  the  oven,  the  door  of  which  is  left  wide  open. 

After  the  lapse  of  fifteen  minutes  the  tray  is  removed  and 
exposed  to  the  air  of  the  room  for  two  hours,  the  sample  being 
at  some  point  within  that  time  rubbed  upon  the  tray  with  the 
hand,  in  order  to  reduce  it  to  a  fine  and  uniform  state  of 
division. 

Application  of  ihe  Test — The  cover  of  the  water  bath  is 
fitted  with  the  gas  regulator  which  is  inserted  through  the 
centre  hole  (No.  4).  The  thermometer  is  fixed  into  hole  No.  3. 
The  wat^  in  the  bath  is  then  heated  to  150^  F.,  and  the 
regulator  set  to  maintain  that  temperature. 

Twenty  grains  of  the  sample  to  be  tested  are  weighed  out, 
placed  in  the  test  tube,  and  gently  pressed  down  until  the 
specimen  occupies  a  space  of  as  nearly  as  possible  iiV  inch  in 
a  test  tube  ot  the  dimensions  specified. 

A  test  paper  is  affixed  to  the  hook  of  the  glass  rod  or  tube, 
and  moistened  by  touching  the  upper  edge  with  a  drop  of 
distilled  water  containing  50  per  cent  of  Price's  glycerine. 
The  quantity  of  liquid  used  must  be  only  sufficient  to  moisten 
about  half  of  the  paper. 

The  cork  carrying  the  rod  and  test  paper  is  then  fixed  into 
the  test  tube,  and  the  latter  inserted  into  the  bath  to  a  depth 
of  2^  inches,  measured  from  the  cover,  the  regulator  and  ther- 
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mometer  being  inserted  to  the  same  depth.  The  test  paper  is 
to  be  kept  near  the  top  of  the  test  tube,  but  dear  of  the  cork, 
until  the  tube  has  been  immersed  for  about  five  minutes. 

A  ring  of  moisture  will  about  this  time  be  deposited  upon 
the  sides  of  the  test  tube  a  little  above  the  cover  of  the  bath ; 
the  glass  rod  must  then  be  lowered  until  the  lower  margin  df 
the  moistened  part  of  the  paper  is  on  a  level  with  the  bottom 
of  the  ring  of  moisture  in  the  tube.  The  paper  is  now  closely 
watched. 

The  test  is  complete  when  a  very  faint  brown  coloration 
makes  its  appearance  at  the  line  of  boundary  between  the  dry 
and  moist  parts  of  the  paper. 

The  interval  of  time  between  the  first  insertion  of  the  tube 
containing  the  sample  of  gun-cotton  in  the  water  at  150^  and 
the  first  appearance  of  discoloration  on  the  paper  constitutes 
the  testy  and  this  interval  of  time  must  be  not  less  than  ten 
minuteSy  or  the  sample  will  not  be  accepted  as  properly 
purified. 

B.*80HniiTZB  FOWDBB,  B.  C.  FOWDBB,  OOIi- 
LODIOB-COTTON,  *a»  fto. 

Sufficient  of  the  sample,  without  further  mechanical  division, 
is  dried  in  the  oven  as  above,  and  then  exposed  for  two  hours 
to  the  air.  The  test  as  directed  above  for  compressed  gun- 
cotton,  &C.,  is  then  applied,  the  minimum  duration  of  test  being 
the  same,  viz.,  ten  minutes. 

Exudation  and  Idqueflaotion  Teat  for  Blasting  Gela- 
tine, Gelatine  Dynamite,  and  Analogous  Frepara- 
tiona. 

Teat  for  Idqneflaotion. — ^A  cylinder  of  blasting  gelatine  is 
to  be  cut  from  the  cartridge  to  be  tested,  the  length  of  the 
cylinder  to  be  about  equal  to  its  diameter,  and  the  ends  being 
cut  flat 

The  cylinder  is  to  be  placed  on  end  on  a  flat  surface  without 
any  wrapper,  and  secured  by  a  pin  passing  vertically  through 
its  centre. 
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In  this  condition  the  cylinder  is  to  be  exposed  for  144  con- 
secutive hours  (six  days  and  nights)  to  a  temperature  ranging 
from  85**  to  90*^  Fahrenheit  (inclusive),  and  during  such  expo- 
sure the  cylinder  shall  not  diminish  in  height  by  more  than 
one-fourth  of  its  original  height,  and  the  upper  cut  surface 
shall  retain  its  flatness  and  the  sharpness  of  its  edge. 

Note, — If  the  blasting  gelatine  and  the  gelatine  dynamite  to 
be  tested  be  not  made  up  in  a  cylindrical  form,  the  above  test 
is  to  be  applied  with  the  necessary  modifications. 

Test  for  Liability  of  Exudation* — There  shall  be  no 
separation  from  the  general  mass  of  the  blasting  gelatine  or 
gelatine  dynamite  of  a  substance  of  less  consistency  than  the 
bulk  of  the  remaining  portion  of  the  material,  under  any  con- 
ditions of  storage,  transport,  or  use,  or  when  the  material  is 
subjected  three  times  in  succession  to  alternate  freezing  and 
thawing,  or  when  subjected  to  the  liquefaction  test  hereinbefore 
described* 
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Element. 

Sjrmbol. 

Atomic  wt. 

ObseiTttr* 

Abimiiiiiim 

Al 

27-02 

Mallet. 

Antimony 

Sb 

120-00 

Schneider,  Cooke. 

Arsenic 

As 

7515 

Kessler. 

Bariom 

Ba 

13684 

Marignac. 

BUmnth 

Bi 

2IO«00 

Dumas. 

Boron 

B 

11-04 

Berzelius. 

Bromine 

Br 

7976 

Stas. 

Cadmium 

Cd 

112*04 

Leossen. 

Caeaium 

Cs 

«33-a> 

Bunbcn. 

Calcium 

Ca 

39-90 

Erdmaim. 

Carbon 

C 

11-97 

Dumas,  Liebig; 

Cerium 

Ce 

13824 

Rammelsberg. 

Chlorine 

CI 

35*37 

Stas. 

Chromium 

Cr 

52-08 

Siewart 

Cobalt 

Co 

S«74 

Russell. 

Copper 

Cu 

63*" 

Millon  6c  CommaiQe. 

Didjrmium 

D 

142-44 

Erbium 

£ 

168-90 

Bahr  6t  Bunsen. 

Fluorine 

F 

18-96 

Lucfty  Louyet. 

Grallium 

Ga 

69*80 

Lecoq  de  Boisbaudrs] 

Gtucinum 

Gl 

9-30 

Awd«jew,  Klatxo. 

Gold 

An 

196-71 

Berzdtns. 

Hydrogen 

H 

i-oo 

Dnlong  &  Berzellns. 

Indium 

In 

113-40 

Winkler,  Bunsen. 
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Element. 

S^iaboL 

Atomic  wt. 

Observer. 

Iodine 

I 

I26'S4 

Stas. 

Iridium 

Ir 

196-87 

Berzelins. 

Iron 

Fe 

56*00 

Dumas. 

T-yntliannfyi 

La 

13933 

Hermann. 

Lead 

Pb 

206*40 

Stas. 

Litbiam 

Li 

7 'CO 

Seas. 

Magnesium 

Mg 

2394 

Dumas. 

Manganese 

Mn 

54-04 

Schneider. 

Mercury 

Hg 

200*00 

Erdmann. 

Molybdenum 

Mo 

96*00 

Dumas,  Debray. 

Nickel 

Ni 

58-74 

Russell. 

mobinm 

Nb 

94*00 

Marignac. 

Nitrogen 

N 

14*01 

Stas. 

Osmium 

Os 

19903 

Berzehus. 

Oxygen 

O 

15-96 

Palladium 

Pd 

io6*57 

Berzelius. 

Phosphorus 

P 

3096 

Schrdtter. 

Platinum 

Pt 

194-38 

Seubert. 

Potassium 

K 

39-04 

Stas. 

Rhodium 

Rh 

104*21 

Berzelius. 

Rubidium 

Rb 

85-40 

Bunsen,  PiccaivL 

Ruthenium 

Ru 

104*40 

Berzelius. 

Selenium 

Se 

79*46 

Dumas. 

SilTer 

Ag 

107*67 

Stas. 

Silicon 

Si 

28*10 

Dumas. 

Sodium 

Na 

22*99 

Stas. 

Strontium 

Sr 

87-54 

Marignac. 

Sulphur 

S 

31-996 

Stos. 

Tantalum 

Ta 

182-300 

Marignac. 

TeUnrium 

Te 

128*06 

V.  Hauer* 

Thallium 

Tl 

203*66 

Crookes. 

Thorium 

Th 

231-44 

Delafontaine. 

Tin 

Sn 

ii8'io 

Dumas. 

Titanium 

Ti 

5O-00 

Pierre. 

Tungsten 

W 

18400 

Schneider,  Roscocf. 

Uranium 

U 

237*60 

Ebelman. 

Vanadium 

V 

51-35 

Roscoe. 

Yttrium 

Y 

9255 

Bahr  &  Bunsen. 

Zmc 

Zn 

65-16 

Oxel  Erdmann. 

Zirconium 

Zt 

89*60 

Marignac 
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Table  of  Atomio  Weights. 

(Issued  D0cgmb€r  6,  1890.) 

Revised  for  Uie  Committee  of  Revision  and  Publication  of  the  Phanna- 
copoeia  of  the  United  States  of  America.  By  F.  W.  Clarke,  Chief 
Chemist  of  the  United  States  Geological  Snnrey. 

This  table  represents  the  latest  and  most  trustworthy  results,  reduced  to 
a  nniform  basis  of  comparison,  with  oxygen  =  z6  as  starting  point  of  the 
system.  No  decimal  places  representing  large  uncertainties  are  used. 
When  values  vary,  with  equal  probability  on  both  sides,  so  far  as  oar 
present  knowledge  goes,  as  in  the  case  of  a  cadmium  (i  1 1*8  and  1 12*2),  the 
mean  value  is  given  in  the  Table. 

The  names  of  elements  occurring  in  pharmacopoeial,  medicinal,  chemi- 
cals, are  printed  in  italics. 

Name. 

Afuminium 

Antimony 

Arsenic    . 

Barium    . 

Bismuth  . 

Boron       . 

Bromine  • 

Cadmium 

Caesium    . 

Calcium  . 

Carbon 

Cerium 

Chlorine  . 

Chromium 

Cobalt 
*Columbium 

Copper 
fDidymium 

Erbium     • 

Fluorine  • 

Gallium    . 

Germanium 
(Glucinum 

Gold 

Hydrogen 

Indium 


t  NowipUt 


Symbol. 
Al 

Atomic  wdffht. 
27- 

Sb 

120- 

As 

76- 

Ba 

137* 

Bi 

208-9 

B 

11- 

Br 

79-96 

Cd 

112* 

Cs 
Ca 

132-9 

40- 

C 

12- 

Ce 

140-2 

CI 

85-45 

Cr 

621 

Co 
Cb 
Cu 

59- 

94' 
63-4 

Di 
Er 

1423 
166-3 

F 

Ga 

Ge 

Gl 

Au 

19- 
69- 

723 

9* 
-    197-3 

H 

1-007 

In 

"37 

*  Has  priority  over  niobium. 


into  neo-  and  pliraMo<-didymium. 


X  Has  priority  over  baryllinm. 
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Nuno.                                           Symbol* 
Iodine      •                •        •        •    ^ 

Atomic  weight 
126-86 

Iridiam    . 

.     Ir 

193* « 

iTon          • 

.    Fe 

56* 

Lanthanum 

.        .    La 

138-2 

Lead 

.    Pd 

206-95 

Lithium   . 

.    Li 

702 

Magnesium 
Manganese 
Mercury  . 
Molybdenum 
Nickel      . 

.    Mn 

.    Mo 
.    Ni 

24*3 
65* 
200- 
96- 

587 

Nitrogen  . 
Osmium    . 

.    Os 

1403 
1917 

\0%ygen     . 
Palladium 

.     O 

.    Pd 

16- 
io6'6 

Phosphorus 
Platinum  . 

.    P 
.     Pt 

31- 
195- 

Potassium 

.    /sT 

3911 

Rhr.dinm 

.    Rh 

103-5 

Rubidium 

.    Rb 

85-5 

Ruthenium 

.    Ru 

ioi'6 

Samarium 

.     Sm 

150* 

Scandium 

.    Sc 

44* 

Selenium  • 

.    Se 

79- 

Silicon      m 

.    Si 

28-4 

Silver       • 

.        .    Ag 

107*92 

Sodium     • 

.    Na 

2305 

Strontium 

.        .    Sr 

876 

Sulphur  • 
Tantalum  • 

.    S 

.    Ta 

3206 
182-6 

Tellurium 

.    Te 

125- 

Terbium  . 

.    Tb 

159-5 

Thallium  . 

.    Tl 

204*18 

Thorium  . 

.    Th 

232-6 

Tin  . 

.    Sn 

119* 

Titanium  • 

.    Ti 

48 

Tungsten  . 
Uranium  . 

.     W 

.    U 

184- 
239-6 

Vanadium 

.    V 

51-4 

Ytterbium 

.    Yb 

173- 

Yttrium 

.    Yt 

89-1 

Zinc 

.    Zn 

663 

Zirconium 

.       .    Zr 

90*6 

1  Stan 

idard, 

or  ba8 

iioffibetytteak 

377 


378 
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Sought  from  the  Form  in 

Which  it  is  W< 

sighed. 

Slflmeot. 

Fona. 

Soaght. 

Factor. 

Alttmininm 

AhOj 

Alt 

•5340 

Ammoninm 

NH4CI 

NHs 

•3180 

ft 

2  NH^CliPtCU 

2NHt 

•0761 

Antimony 

SbaOs 

Sbi 

•«356 

>» 

SbsSs 

Sbi 

7177 

»> 

SbuSt 

SbaOs 

•8588 

ff 

Sbs04 

SbaOs 

•9481 

Arsenic 

AssOs 

Aa 

7576 

*9 

AasOs 

Asa 

-6522 

t> 

At»05 

AsaOa 

'8609 

l» 

AssS) 

AsaOt 

•8049 

» 

AsaSs 

AstOs 

•9350 

»» 

(MgAmA804}20irt 

AsaOf 

•6053 

» 

f» 

AhOi 

•5211 

Barium 

BaO 

Ba 

•8954 

»» 

BaS04 

BaO 

•6567 

f» 

BaCOs 

BaO 

7767 

>9 

BaFs»SiF4 

BaO 

•5484 

Biimuth 

Bi,0, 

Bis 

•8966 

Boron 

BsOs 

Bs 

•3143 

Bromine 

AgBr 

Br 

•4^56 

Cadmium 

CdO 

Cd 

•8750 

Calcium 

CaO 

Ca 

7143 

f> 

CaSOi 

CaO 

•41 18 

>» 

CaCOi 

CaO 

•5600 

Carbon 

COa 

C 

•2727 

f* 

CaCOi 

COa 

•4400 

Chlorine 

AgCl 

CI 

•2472 

9» 

AgCl 

HCl 

•254a 

Chromium 

CrjOt 

Cr. 

-6862 

»» 

CrjOt 

iCrOs 

»'3i38 

w 

PbCiO* 

CrOs 

•3106 

Cobalt 

Co 

CoO 

1*2712 

»• 

CoisOit 

Com 

•6999 

»9 

CosOs 

Cos 

•688: 

»» 

C0SO4 

CoO 

•4839 

»» 

Coa04 
1  CoiOs,  3  K»0,  j 
\  5  NaOj.  2  HtO  S 

Cos 

7344 

It 

2C00 

•I73S 

19 

2  C0SO4  +  3  KaSOi 

2  CoO 

•1802 

>• 

91 

Cos 

•141 7 
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Element. 

Form* 

SottRht. 

Factor. 

Copper 

CuO 

Cu 

•7985 

9f 

CuaS 

Cut 

•7985 

Fluorine 

CaF, 

F, 

•4872 

i> 

SiF* 

F4 

•7308 

Hydrogen 

H2O 

H, 

•nil 

Iodine 

Agl 

I 

•5405 

»» 

Pdlj 

I2 

•7056 

Iron 

FeaOs 

Fe, 

•7000 

»» 

FeaOs 

2FeO 

•9000 

*f 

FeS 

Fe 

•6364 

Lead 

PbO 

Pb 

•9283 

f» 

PbSOi 

PbO 

•7360 

» 

PbSOi 

Pb 

•6832 

9» 

PbClt 

Pb 

.7448 

$t 

PbCli 

PbO 

•8024 

»» 

PbS 

PbO 

•9331 

Lithidm 

LisCOs 

LisO 

•4054 

»» 

LisS04 

LisO 

•2727 

» 

Li8P04 

LisO 

•3879 

Magnesium 

MgO 

Mg 

•6000 

11 

MgSO* 

MgO 

•3335 

i> 

MgO^iOi 

2  MgO 

•3604 

Manganese 

MdO 

Mn 

•7747 

» 

MnsO* 

Mds 

•7205 

»» 

MnsO) 

Mns 

•6962 

y» 

MnSOi 

MnO 

•4702 

99 

MnS 

MnO 

•8161 

>f 

MnS 

Mn 

•6322 

Mercury 

aHg 

HgsO 

Z'0400 

99 

Hg 

HgO 

I '0800 

99 

Hg«Cl, 

«Hg 

•8494 

9' 

HgS 

Hg 

•8621 

Nickel 

NiO 

Ni 

•7867 

Nitrogen 

t  AmCl,  Ptdi 

Ns 

•0627 

»> 

Pt 

Ns 

•1416 

yt 

BaS04 

N2O5 

•463s 

>• 

AgCN 

CN 

•1941 

ft 

AgCN 

HCN 

*20l6 

Oxygen 

AUO, 

O3 

•4660 

99 

Sb«Oa 

Os 

•1644 

«« 

AstOj 

Os 

•2424 

•• 

AsflOi 

0. 

•3478 

»9 

BaO 

0 

•1046 

»f 

BitO, 

0, 

•103s 

38o 


APPENDIX. 


El«meat. 

Form. 

SongbL 

Factor. 

Oxygen 

CdO 

0 

*I250 

f» 

CrtOt 

0, 

•3138 

tt 

CoO 

0 

•ai33 

II 

CuO 

0 

•2015 

»i 

FeO 

0 

•2222 

»> 

FeiOj 

0, 

•3000 

ft 

PbO 

0 

•0718 

tt 

CaO 

0 

•2857 

tt 

MgO 

0 

•3997 

•t 

MdO 

0 

•2254 

$9 

Mn804 

04 

•2795 

9* 

MnsOs 

Oj 

•3038 

t» 

Hg,0 

0 

•0385 

99 

HgO 

0 

•0741 

>» 

NiO 

0 

•2133 

»l 

K>0 

0 

•1698 

» 

SiOt 

Os 

•5333 

>» 

Ag20 

0 

•0690 

tf 

NasO 

0 

•2581 

>» 

SrO 

0 

•1546 

tf 

SnOt 

0 

2133 

»f 

HtO 

0 

•8889 

»» 

ZnO 

0 

•1974 

Phosphorus 

P2O5 

P2 

•4366 

If 

MgjPjOi 

P2O6 

•6396 

11 

MgPjOi 

«P04 

•8559 

tf 

FesPjOft 

P20« 

•4702 

99 

PtOft 

2P04 

13380 

99 

AgsPO* 

(P.05)i 

•1695 

99 

U4P»On 

P20« 

•1991 

tt 

Ag4P20i 

PsO, 

•2344 

Potassium 

K20 

K2 

•8302 

tt 

K2SO4 

K20 

•5400 

It 

KNOt 

'K20)l 

•4659 

Potassium 

KCl 

K 

•5245 

ft 

KCl 

(K.O)J 

•6317 

tf 

2  KCl,  PtCl4 

KiO 

•1927 

ft 

ft 

a  KCl 

•3070 

Silicon 

Si02 

Si 

•4667 

Silver 

AgCl 

Ag 

•7528 

II 

AgCl 

(Ag.O)J 

•8085 

Sodinm 

Na20 

Na2 

•7410 

ft 

Na2S04 

Na20 

•4360 

tf 

NaNOi 

(Na20)l 

•3647 
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Element. 

Form. 

Sought. 

Factor. 

Sodiam 

NaCl 

(NaaO)J 

•5302 

»» 

NaCl 

Na 

•3934 

» 

NasC03 

NatO 

•5849 

Strontiam 

SrO 

Sr 

•8454 

f* 

SrSOi 

SrO 

•5640 

>» 

SrCOj 

SrO 

•7017 

Sulphur 

BaS04 

S 

•1373 

»> 

AsaSs 

Ss 

•3902 

»} 

BaS04 

SO3 

•3434 

)> 

SOs 

SO4 

I '2000 

Tin 

SnOs 

Sn 

•7867 

»t 

SnOs 

SnO 

•8933 

Zinc 

ZnO 

Zn 

•8026 

ft 

ZnS 

ZnO 

•8352 

»> 

ZnS 

Zn 

•6703 

English  Weights  and  Measxires. 

Ayouldupois. 


Grains. 

Drachms. 

Ounces. 

Lbs. 

Qrs. 

Cwts. 

Tons. 

Grain    . 

I 

• 

Drachm 

2734 

I 

Ounce  . 

437  •$ 

16 

I 

Pound  . 

7,000- 

256 

16 

I 

Quarter 
Cwt. 

196,000* 

7,168 

448 

28 

I 

784,000' 

28,672 

i»792 

112 

4 

I 

Ton 

15,680,000- 

573»440 

35,840 

2,240 

80 

20 

I 

Troy  Weight. 


Grains. 

Dwts. 

Ounces. 

Lb. 

Grain 

Pennyweight    . 
Ounce 
Ponnd 

I 

480 

5»76o 

I 

20 

240 

I 
12 

I 

3^2  APPENDIX. 

Cabic  inches, 
f  gallon  =  277'276 

I  pint  =  34^59 

I  fluid  ounce  =:      17329 

I  litre  =  61-02705 

I  cubic  centimetre  =     0*06102705 

I  cubic  inch  =:  16*386176  cubic  centimetres. 

I  cnbic  inch  of  distilled  water  in  air  at  62®  F  =:  252*336  grains. 
I  cubic  inch     „  „      in  vacuo  at  62^  F  ^  252*645  grains. 

I  minim  is  the  volume  of  0*91  grain  of  water. 

I  fluid  drachm       „      of  54*68  grains  of  water. 

I  fluid  ounce         »,      of  437*5  grains  of  water. 

I  gallon  is  the       ,,      of  10  pounds  or  70,000  grains  of  water. 


Weights  and  MeasnreB  of  the  British  Pharmaoopona 

of  1867. 

Weights. 

I  grain,  gr. 

I  ounce,  oz.  ^    437*5  grains. 

I  pound  =  16  ozs.  =  7,000-        „ 


Measures  of  Capacitt. 

t  minim,  min. 

I  fluid  drachm,  fl.  drm.  ^  60  minims. 

I  fluid  ounce,  fl.  oz.       =8  fluid  drachms, 

I  pint,  O  =:  20  fluid  ounces. 

I  gallon,  C  =8  pints. 


Measures  of  Length. 

I  line  =  -^  inch. 

1  inch  =  ■  seconds — ^pendulum. 

12    „    =1  foot. 

36    „    ^3  feet  =  I  yard. 
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Weights  and  MeasiireB  of  the  Metrical  System. 

Weights. 

I  milligram  =    'CX)i  grm. 

I  centigram  =    'Oi       „ 

I  decigram    =0*1        „ 

I  grm.  =r  weight  of  a  cnbic  centimetre  of  water  at  4^  C. 

I  decagram  =       10  grms. 

I  hectogram  =     ICX)    ,, 

I  kilogram    =  1,000    „ 


Measures  of  Capacity. 

I  millilitre  :=         i  cubic  centimetre  of  water  at  4*  C. 
I  centilitre  =       10  cubic  centimetres. 
I  decilitre  =     100 
I  litre         =  i,oco 


ft 


»» 


It 


»» 


Measures  of  Length. 


I  millimetre  ^    -001  metre. 
I  centimetre  =    -oi 
I  decimetre  =io*i 
I  metre 


tt 


»» 


the  ten  millionth  part  of  a  quarter  of  the  earth's 
meridian  (nearly). 


Tables  for  Ck>nyerBion  of  Metrical  and  English  Measures 

A.  Length. 

METRICAL  TO  ENGLISH.  ENGLISH  TO  METRICAL. 


(1)  MUH«etr«i  to   ^^j  ^^^  ^^  ^^^^_ 


inches. 


1  =  003937079 

2  =r  0-07874158 

3  =  0*11811237 

4  =  0-157^8316 

5  =  0-19685395 

6  =  0-23622474 

7  =  0-27559553 

8  =  0-31496632 

9  =  0-35433711 


I  =  3*2808992 
2=  6-5617984 
3=  9*8426976 

4=  13*  T  235968 

5  =  16*4044960 

6  =  19*6853952 

7  =  22-9662944 
8^26-2471936 
9  =  29-5280928 


(3)  Inches  to  milli' 
metres. 


1=  25-39954 
2  =    50-79908 

3  =1   76-19862 

4=  101-59816 

5  =  126-99770 
b  =  152*39724 
7  =  177*79678 
8=r  203*19632 
9  =  228*59586 


(4)  Feet  to  metres. 


1  =  0*30479449 

2  =  0-60958898 

3  =  0*91438347 

4=  1*21917796 

5  =  I  *52}97245 
6=  1*82876694 

7  =  2*13356143 

8  =  2-43835592 

9  =  2-74315041 
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B.  Capacity. 

METRICAL  TO  ENGUSH. 


1 

(x)  Cubic  centimetres 
to  cubic  inches. 

(a)  Litres  to  fluid 
ounces. 

(j)  Litres  to  pints. 

(4)  Litres  to  gaUoau. 

I  =  0-06102705 

1=    35-215468 

1=     1*7607734 
2=    3-5215468 

I        0*22009668 

2  =0*12205410 

2=     70-430936 

2  =  0-44019336 

3=0-18308115 

3  =  105-646404 

3=   5*2823202 

3  —  0-66029004 

4  =  0-24410820 

4=140-861872     4=    7*0430936 

4  —  0-88038672 

5  =0-30513525     5  =  176-077340  1  5  =   8-8038670 

5=  1*10048340 

6  —  0-366  6230     6  —  211  -292808  1 

6  =  10-5646404 

6 —  1-32058008 

7  =  0-42718935 

7  =r  246-508276 

7=12-3254138 

7=1-54067676 

8  =0-48821640 

8  =  281723744 

8  =  14-0861872 

8  =  1-76077344 

9  =  0-54924345 

9  =  316-939212 

9=  15-8469606 

9=  1-98087012 

1 

ENGLISH  TO  METRICAL. 

(i)  Cubic  inches  to 
cubic  centimetres. 

(2)  Fluid  ounces  to 
cubic  centimetres. 

I  =    28-396612 

(3)   Pints  to  litres. 

(4)  Gallons  to  litres. 

I  =     16-386176 

I  =  0-567932 

1=    4-543458 

2=    32772352 

2=    56-793224 

2=1-135864 

2  =    9-086916 

3=   49-158528 

3=   85-189856 

3=1-703796 

3  =  13*630374 

4=    65-544704 

4=  113-586448 

4  =  2-271728 

4=18-173832 

5=   81-930880 

5  —  141-983060 

5  =  2-839660 

5  =  22-717290 

6=   983 '7056 

6  =  170-379672 

6  =  3-407592 

6  =  27-270748 

7=  114-703232 

7  =  198-77628^ 

8  =  227-172896 

7  =  3-975524 

7  —  31-804206 

8  =  131-089408 

8  =  4-543456 

8  —  36*  1 47664 

9  =  147-475584 

9  =  255-569508 

9  =  5-111388 

9=  40-891122 

C,  Weight. 

METRICAL  10  ENGLISH. 


(x)  Grammes  to  grains. 

(a)  Kilogrammes  to 
ounces. 

(3)  Kilogrammes  to 
pounds. 

1=    I5-4323488 
2  —   30*8646976 
3=   46*2970464 
4=  61*7293952 

5=    77-1617440 
6  =    92-5940928 

7 108-0264416 

8  =  123-4587904 
9=  138-8911392 

1=    35-27394 
2  =    70*54788 

3  =  105*82182 
4=  141*09576 

5  =  176*36970 

6  =  211-6436} 

7  =  2^6-91758 

8  =  282-19152 

9  =  317-46546 

I  =    2-20462 
2=    4-4092A 

3=   6-61386 

4=    8-81848 

5=  11-02310 

6  =  13-22772 

7  =  15-43234 
8=17-63696 

9  =  1984158 
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ENGLISH  TO  METRICAL. 


(1)  Grains  to 
grammes. 


2  = 

3  = 

4  = 

5  = 

•t  — 

8  = 

9  = 


0*0647989 
0-1295978 
0*1943967 
0-2591956 

0*3259945 

0-3W7934 

0-4535923 
0-5183912 

0-5831901 


(2)  Ounces  to 
grammes. 


1=  2834954 
2  =     56*69908 

3=  85-04«62 
4=  1 13-39816 
5  =  i4i-;4770 
6=  170-09724 

7  =  198*44678 

8  =  226-79632 

9  =  255-14586 


(3)  Pounds  to 
kilogrammes. 


1  =  0-45359265 

2  =  0-90718530 

3=  1-56077795 

4  =  1-81437060 

5  =•  2-26796325 

6  =  2-72155590 

7  =  3-17514855 

8  =  3-62874120 

9  =  408233385 


(4)  Hundredweights 
to  kilogrammes. 


1  =    50-8023768 

2  =  101-6047536 

3  =  152-4071304 

4  =  203-2095072 

5  =  254*0118840 

6  =  304-8142608 

7  =  355-6166376 

8  =  406-4190144 

9  =  457-2213912 


Hydrometer  Tables. 

Densities  corresponding  to  Degrees  of  Baum^'s  Hydrometeb 

FOR  Liquids  heavier  than  Water. 


•B. 

1 

Density. 

°B. 

Density. 

°B. 

Density. 

•B. 

Density. 

0 

I -000 

19 

II52 

38 

1-357 

57 

1-652 

I 

1*007 

20 

1161 

39 

1-370 

58 

1-671 

2 

1*014 

21 

I-171 

40 

••383 

59 

I-69I 

3 

1*022 

22 

i*i8o 

41 

I-3Q7 

60 

1*711 

4 

I  029 

23 

I-I90 

42 

1-410 

61 

1732 

5 

1036 

24 

1*199 

43 

1-424 

62 

'•753 

6 

1044 

25 

1*210 

44 

i-43« 

63 

1-774 

7 

1-052 

26 

I-22I 

tl 

1-453 

64 

1*796 

8 

1-060 

27 

1-231 

1     1*468 

65 

r8i9 

9 

I  067 

28 

1*242 

47 

,     1-483 
1-498 

66 

1-846 

10 

I -075 

29 

1-253 

48 

67 

1-872 

11 

1-083 

30 

1*264 

49 

I-5H 

68 

1-897 

12 

I -091 

3' 

1-275 

.SO 

1-530 

69 

1-921 

13 

I'lOO 

32 

1-286 

51 

1546 

70 

1*946 

14 

i*io8 

33 

1-297 

52 

.     ''553 

71 

1-974 

15 

i-ii6 

34 

1-309 

53 

1-580 

72 

2-000 

16 

1125 

35 

1-320 

54 

1-597 
1     1*615 

73 

2031 

17 

I  134 

36 

1332 

55 

74 

2-059 

18 

I  143 

37 

1-345 

56 

1     1-634 
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Densities  comlxspondino  to  Baum£*s  Htdrombter  for  Liquids 

Lighter  than  Water.    (FRAKcauR). 


-B. 

Density. 

•B. 

Density. 
0918 

•B. 

Density. 

•B. 

Density. 

lO 

I '000 

23 

36 

0-849 

49 

0*789 

If 

0-993 

24 

0-913 

37 

0844 

50 

0*785 

12 

0986 

25 

0907 

38 

0-839 

51 

0*781 

"3 

0980 

26 

0*901 

39 

0-834 

52 

0777 

"4 

0973 

^l 

0-896 

40 

0-830 

53 

0*773 
0*768 

"5 

0*967 

28 

0-890 

41 

0-825 

54 

16 

0-960 

29 

0885 

42 

0*820 

55 

0764 

17 

0954 

30 

0-880 

43 

o*8i6 

56 

0*760 

i8 

0-948 

3" 

0-874 

44 

0-81 1 

57 

0*757 

19 

0*942 

32 

0*869 

45 

0-807 

58 

0753 

20 

0936 

Si 

0*864 

46 

0-802 

§9 

0749 

21 

0930 

34 

0-859 

^l 

0798 

60 

0745 

22 

0*924 

3S 

0854 

48 

0*794 

Dborsss  on  Twaddle's  Hydrometer  with  the  oorrbsfondino 

Densities. 


»Tw. 

Density. 

»Tw. 

Density. 
1040 

•Tw. 

Density. 

•Tw. 

1 
Density.    1 

I 

I  005 

8 

>5 

I -075 

22 

I'lIO 

2 

1*010 

9 

1045 

16 

1-080 

23 

rii5 

3 

1*015 

10 

1050 

17 

1-085 

24 

I'I20 

4 

I'020 

II 

1055 

18 

1*090 

25 

I-I25       1 

5 

1*025 

12 

1*060 

"9 

1-095 

26 

I  130 

6 

1-030 

13 

1065 

20 

I-IOO 

27 

II35 

7 

1035 

H 

1-070 

21 

I  "105 

28 

I-I40       1 

Dej^rees  Twaddle  are  converted  into  the  corresponding  specific  gravi- 
ties by  multiplying  them  by  5  and  adding  1,000. 


Comparison  of  Thermometers. 

Conversion  of  Thermometer  Degrse.s. 


multiply  by  4  and  divide  by  5. 
multiply  by  9,  di*.ide  by  5,  then  add  32. 
multiply  by  5  and  divide  by  4. 
multiply  by  9,  divide  by  4,  then  add  32. 
first  subtract  32,  then  multiply  by  4,  and  divide  by  9. 
F.  to  ^  C. :  first  subtract  32,  then  multiply  by  5  and  divide  by9. 


*»  C.  to  *»  R. 
^  C.  to  *»  F.  : 
*»  R.  to  «»  C. 
^  R.  to  «  F. 
*  F.  to  *»  R. 
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Comparison  of  Centigrade  and  Fahrenheit  Degrees. 


°c. 

op 

•C. 

op 

+ 165-2 

»c. 

op. 

•C. 

»F. 

+500 

+  932 

+  74 

+  45 

+  «i3 

+  16 

+  60-8 

400 

752 

73 

163-4 

i6i-6 

44 

111*2 

15 

59 

300 

572 

72 

43 

109-4 

14 

57-2 

200 

392 

71 

159-8 

42 

107-6 

13 

55*4 

100 

212 

70 

158 

41 

105*8 

12 

53-6 

99 

2IO'2 

69 

156-2 

40 

104 

II 

51-8 

98 

208-4 

68 

154-4 

39 

102*2 

10 

50 

97 

206-6 

67 

152-6 

38 

100-4 
98-6 

9 

48-2 

96 

204-8 

66 

150-8 

37 

8 

46-4 

95 

203 

^5 

149 

36 

968 

7 

44*6 

94 

201-2 

64 

147-2 

35 

95 

6 

42-8 

93 

199-4 

63 

H5-4 

34 

93*2 

5 

41 

92 

197-6 

62 

143-6 

33 

2^*f 

4 

39-2 

9" 

195-8 

61 

141-8 

32 

89-6 

3 

37-4 

90 

194 

60 

140 

31 

87-8 

2 

35-6 

89 

192*2 

59 

138-2 

30 

86 

I 

33-8 

88 

'9S-4 

58 

136-4 

29 

84-2 

0 

32 

87 

188-6 

57 

134-6 

28 

82-4 
80-6 

—  I 

30-2 

86 

186-8 

56 

1328 

27 

2 

28-4 

55 

"5^ 

55 

"31 

26 

78-8 

3 

26*6 

2* 

1832 

54 

129-2 

25 

77 

4 

248 

2^ 

i8i*A 
179-6 

53 

127-4 
125-6 

24 

75-2 

5 

23 

82 

52 

23 

73'4 

6 

21*2 

81 

177-8 

5« 

1238 

22 

71*6 

7 

19-4 

80 

176 

50 

122 

21 

698 

8 

17-6 

79 

174-2 

49 

I20'2 

20 

68 

9 

158 

78 

172-4 
170-6 

48 

118-4 

19 

66-2 

10 

14 

77 

47 

II6-6 

18 

64-4 

II 

12-2 

76 

168-8 

46 

1 14-8 

17 

62-6 

12 

10-4 

75 

167 
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Feroentsges  and  Gravity  of  Stdphurio  Aoid. 


Table  showing  Percentages  of  Real  Sulphitric  Acid  (HsSOi) 
corresponding  to  various  specific  gravities  of  aqueous 
Sulphuric  Acid. 

Bineau  ;  Otto.    Temp.  15"  C. 


Specific 

Per 

Specific 

Per 

Specific 

Per 

Specific 

Per 

Gravity. 

cent. 
100 

Gravity. 

cent. 

Gravity. 

cent. 

Gravity. 

cent. 

1-8426 

1-675 

75 

1-398 

50 

I -182 

25 

1842 

99 

1663 

74 

1-3886 

49 

II74 

24 

1-8400 

98 

I-651 

73 

-379 

48 

1-167 

23 

'1^2 

97 

1-639 

72 

1-370 

47 

'•'59 

22 

1-8384 

96 

1-627 

71 

1-361 

46 

11516 

21 

1-8376 

95 

1-615 

70 

I '351 

45 

I-I44 

2J 

1-8356 

94 

1-604 

^ 

'•342 

44 

I  136 

'9 

1-834 

93 

1-592 

68 

1-333 

43 

I'I29 

18 

1-831 

92 

1580 

67 

1-324 

42 

I'I2I 

17 

1-827 

9« 

1-568 

6b 

1-315 

41 

III36 

16 

1-822 

90 

1-557 

65 

1-306 

40 

II06 

15 

i-8i6 

89 

1-545 

64 

1-2976 

39 

P098 

14 

1-809 

88 

1-534 

63 

1-289 

38 

1-091 

13 

i-802 

87 

«-523 

62 

1-281 

37 

1-083 

12 

1794 

86 

1-5" 

61 

1-272 

36 

1-0756 
I -068 

II 

1-786 

!5 

1-501 

60 

1-264 

35 

10 

1777 

84 

1-490 

59 

1-256 

34 

I -061 

9 

1-767 

l^ 

1-480 

58 

1-2476 

33 

1-0536 

8 

1756 

82 

1-469 

57 

1-239 

32 

10464 

7 

'745 

81 

1-4586 

56 

1-231 

31 

1-039 

6 

1734 

80 

1-448 

55 

1-223 

30 

1-032 

5 

1-722 

79 

1-438 

54 

1-215 

29 

1-0256 

4 

1710 

78 

1*428 

53 

1-2066 

28 

I-0I9 

3 

1-698 

77 

1-418 

52 

1-198 

27 

1-013 

2 

1-686 

76 

1-408 

5' 

1-190 

26 

I -0064 

I 
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Feroentages  and  Gravity  of  Hydroohlorio  Acid. 


Table  giving  the  Percentages  of  Hydrochloric  Acid  contained 
IN  Aqueous  Solutions  of  the  Gas  of  Various  Specific 
Gravities. 

Ure.    Temp.  15®  C. 


Specific 
Gravity. 

HCl 
Per  cent. 

Specific 
Grayity. 

HCl 
Per  cent. 

Specific 
Gravity. 

HCl 
Per  cent. 

Specific 
Gravity. 

HCl 
Per  cent 

I '200 

40-777 

I  '515 

30582 

riooo 

20-388 

1*0497 

10*194 

1*1982 

40*369 

1*1494 

30-174 

1-0980 

19-980 

1-0477 

9:86 

1-1964 
I  •1946 

39*961 

II473 

29*767 

1-0960 

19-572 

1-0457 

9379 

39-554 
39-140 

1*1452 

29-359 

1-0939 

19-165 

1-0437 

8*971 

1*1928 

I-I431 

28*951 

1*0919 

18*757 

1*0417 

8563 

1*1910 

38738 

II41 

28*544 

1*0899 

18-349 

1*0397 

8-155 

1-1893 

38330 

I -1389 

28*136 

1-0879 

17*941 

1-0377 

7-747 

1-1875 

37-923 

I -1369 

27*728 

1*0859 

17-534 

1-0357 

7-340 

1-1857 

37-516 

I  1349 

27*321 

1*0838 

17-126 

10337 

6*932 

I  1846 

37*108 

I -1328 

26*913 

I -0818 

16*718 

IO318 

6-524 

1*1822 

36*700 

1-1308 

26*505 

1*0798 

16-310 

1*0298 

6*116 

I' 1802 

36*292 

II287 

26*098 

10778 

15-902 

1*0279 

5709 

PI782 

35-88^ 
35-470 

1-1267 

25*690 

1*0758 

15-494 

10259 

5-301 

1-1762 

1*1247 

25*282 

1*0738 

15*087 

1-0239 

4893 
4*488 

II741 

35*068 

1*1226 

24-874 

1*0718 

14*679 

1*0220 

1*1721 

34-660 

1*1206 

24*466 

1*0697 

14-271 

ro20o 

4078 

1*1701 

34-252 

I-I185 

24-058 

1-0677 

13-863 

1*0180 

3670 

1*1681 

33-845 

1*1164 

23*550 

1*0657 

13-456 

1*0160 

3262 

I*i66i 

33-437 

I-II43 

23*242 

10637 

13-049 

1*0140 

2-854 

1-1641 

33029 

1*1123 

22*834 

1*0617 

12*641 

1*0120 

2-447 

1*1620 

32*621 

1*1102 

22*426 

1-0597 

12*233 

1*0100 

2-039 

I-I599 

32*213 

I*IO*<2 

22*019 

i-0577 

11*825 

1*0080 

I -631 

11578 

31*805 
31-398 

1*1061 

21*611 

1-0557 

1 1 -418 

I '0060 

1*124 

1-1557 

1*1041 

21*203 

1-0537 

II'OIO 

1*0040 

•816 

11536 

30*990 

1*1020 

20*796 

1*0517 

10*602 

1*0020 

*4o8 

1 
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Percentages  and  Gravity  of  Ifitrio  Acid. 


TAbLE  SHOWING  IHE   PeRCENIAGKS   OF   NiTRIC  ACID    (HNO3)    IN 

Aqueous  Solutions  of  Various  Specific  Gravities. 
Kolb,  Ann.  Ch.  Phys.  (4)  136.    Temp,  is*  C. 


HNOa 

Specific 
Gravity. 

HNOs 

Specific 
Gravity. 

HNO« 

Specific 
Gravity. 

HNO9 

Specific 

Percent. 

Per  cent. 
80-96 

Per  cent, 

58*88 

Percent. 

Gravity. 

100*00 

1*530 

1463 

1-372 

3900 

1*244 

9984 

"•530 

80*00 

1*460 

1368 

37-95 

1-237 

9972 

I  530 

79*00 

1*456 

58*00 

1-363 

36-00 

1-225 
I*2l8 

99  w 

1-529 

77-66 

1-451 

5700 

1-358 

35?? 

97-89 

1-523 

76*00 

1-445 

56-10 

1*353 

33-86 

1*211 

9700 

1*520 

7500 

1*442 

5500 

1-346 

32*00 

1*198 

96-00 

1516 

74-01 

1-438 

5400 

1-341 

3100 

I-I92 

95-27 

1*514 

73*00 

1-435 

5381 

1-339 

3000 

1*185 

94-03 

1-509 

7239 

1-432 

5300 

1-335 

29 -co 

1179 

9301 

1*506 

71-24 

1-429 

5233 

1331 

28*00 

1*172 

92*00 

"•503 

6996 

1-423 

5099 

1-323 

27*00 

1*166 

91-00 

1499 

69*20 

1*419 

49-97 

1-317 

25*71 

1157 

9000 

1-495 

68*00 

1-414 

49*00 

1-312 

23-00 

I  138 

89-56 

''^2i 

67*00 

1-410 

48-00 

1-304 

20*00 

I' 120 

8800 

1-488 

66*00 

1-405 

47-18 

1*298 

17-47 

I  105 

2r*5 

1-486 

65-07 

1*400 

46*64 

1*295 

15-00 

1-089 

86-17 

1*482 

64-00 

1-395 

4500 

1*284 

13-00 

1*077 

8500 

1-478 

63-59 

''3g3 

4353 

1-274 

11*41 

1*067 

84*00 

1-474 

62*00 

1386 

42*00 

1*264 

7-22 

1-045 

8300 

1-470 

61*21 

1-381 

41*00 

1-257 

400 

1*022 

8a-oo 

1*467 

60*00 

1-374 

40*00 

1*251 

200 

I -010 
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of  Potassium  and  Caustic  Potash. 

Table  Showing  the  Percentage  of  Oxide  of  Potassium  (K2O)  in 
Aqueous  Solutions  of  Caustic  Potash  (KHO)  of  Various 
Specific  Gravities. 

Tunnermann.    Temp.  15^0. 


Specific  Gravity. 

Per  cent. 

Specific  Gravity. 

Per  cent. 

1*3300 

28*290 

1*1437 

14-145 

1-3131 

27158 

II308 

13-013 

1-2966 

26027 

1*1182 

11-882 

I  -2805 

24895 

1*1059 

10*750 

1-2648 

23*764 

1-0938 
I -0819 

9-619 

1*2493 

22632 

8-487 

12342 

21*500 

I -0703 

7*355 

1-2268 

20*935 
19*803 

1*0589 

6*224 

I-2I22 

1-0478 

5-002 

I  1979 

18-671 

1-0369 

3*961 

1-1839 

17*540 

1-0260 

2-829 

1*1702 

16-408 

10153 

1-697 

II568 

"5*277 

1*0050 

•5658 

Oxide  of  Sodium  and  Caustic  Soda. 

Table  showing  the  Percentage  of  Oxide  of  Sodium  (NasO)  in 

Aqueous  Solutions  of  Caustic   Soda  (NaHO)  of  various 

Specific  Gravities. 

Tiinnermami. 


Specific 
Gravity. 

Percent. 

Specific 
Grravity. 

Percent. 

Specific 
Grravity. 

Percent. 

Specific 
Gravity. 

Per  cent. 

1*4285 

30*220 

i'3i«)8 

22*j63 
21*89^ 
21-758 

1*2392 

15*110 

I  1042 

7 -252 
6648 

1*4193 

29*616 

1*3143 

1*2280 

14*500 

I  0948 

I-41OI 

29*011 

1*3125 

1*2178 

13*901 

10855 

6-044 

1*4011 

28*407 

1*3053 

21*154 

1-2058 

13-297 

1*0764 

5*440 

1*3923 

27*802 

1*2982 

20*550 

1*1948 

12-692 

1-0675 

4-835 

1*3836 

27*200 

1*2912 

19-945 

I-184I 

12088 

1*0587 

4-23' 

1-3751 

26*594 

1-2843 

19-341 

1-1734 

11*484 

1*0500 

3*626 

1-3668 

25989 

1-2775 
1*2708 

18*730 

1*1630 

10-879 

1*0414 

3*022 

1*3586 

25*385 

18*132 

11528 

10-275 

1*0330 

2*418 

1-3505 

24780 

1*2642 

17*528 

11428 

9*670 

I-02d6 
1*0163 

1-813 

1*3426 

24*176 

1*2578 

16*923 

11330 

9*066 

1-209 

1*3349 

23572 

1*2515 

16-379 

1*1233 

8*462 

IO081 

0-604 

•  1*3273 

22*967 

1*2453     ^5714 

I-II37        7857 

1-0040 

0*302 

F  F 
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Peroentages  and  Gravity  of  Ammonia. 

Tablb  showing  thb  Percentages  of  Am monia  (NHs)  in  Aqueous 
Solutions  of  the  Gas  of  various  Specific  Gravities. 

Carius.    Temp.  15  ®  C. 


Specific  gravity. 


NHs 

Per  cent. 


0-8844 
0*8804 
0-8885 
0*8907 
0*8929 

0-8953 
0-8976 

0-9001 

0-9026 

0-9052 

0-9078 

0-9106 


36 

35 
34 
33 
32 

31 

30 

36 
25 


Specific  gravity. 

NHs 
Per  cent. 

09133 

24 

0-9162 

23 

0-9191 

22 

0-9221 

21 

09251 
0-9283 

2p 

19 

0-93H 

18 

0-9347 

17 

0-9380 

16 

0-9414 

15 

09449 
09484 

"4 

13 

specific  gravity. 

NHs 

Ftecent. 

0-9520 

12 

09556 

11 

0-9593 

10 

0-9631 

9 

0-9670 

8 

09709 

0-9749 

6 

0-9790 

S 

0-9031 

4 

09873 

3 

0-9915 

2 

09959 

I 

Melting  Points  of  the  Metals. 


Melting 
point  •  C. 

Meltrng 
point  •€. 

Alnmininm 

700 

Lithium    . 

180 

Antimony 

4»5 

Magnesium 

.       232 

Arsenic 

415 

Mercury 

—40 

Bismuth   . 

270 

Nickel 

1,500—1,600 

Cadmium . 

320 

Phosphorus 

44 

Cobalt 

.   1,050—1,200 

Potassium 

62-5 

Copper 
Gold 

.       1,050 

Platinum  . 

.   2,600 

.        1,250 

Silver 

.    1,000 

Indium 

.         .           176 

Selenium  . 

217 

Iron,  Cast 

1,050 — 1,200 

Sodium    . 

96 

„    Steel 

.    1,300—1.400 

Sulphur    . 

.       iiq 

„    Wrought 

,  1,500—1,600 

Thallium  . 

290 

Lead 

330 

Tin 

235 

Zinc 

412 
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Compsratiye  Wear  of  Axle-bearingB. 


(Thurston). 


Bearing. 

Composition. 

Cost 
per 

zoo  lbs.* 

Miles 

mn 

per  lb. 

Wear  per 

zoomues 

for  four 

beanngt. 

Copper. 

Tin. 

17 
18 

90 
85 

•   • 

18 

Anti- 
mony. 

Gun  metal    . 

»♦      ,,        •        • 
White  metal 

f,        ,,     •        •        • 
Lead  composition : 

lead  84;  antimony  16 
Gun  metal  on  brake  cars 

82 

3 
5 

.  • 
82 

7 
10 

•  • 

•  • 

$     c. 

26  60 
28  68 
32  8s 
32  27 

in 

25,489 
27,918 
22,075 

24,837 

22,021 
2,576 

en. 

200 
252 
366 
284 

308 
274 

*  Including  melting  expenses,  loss,  8tc.    These  figures  are  constantly  varying. 


394 


APPENDIX. 


Aqueous  Vapour. 

Tension  of  Aqueous  Vapour  in  mm.  op  Mbrcurt. 


t«C. 

nun. 

toe. 

1 

16 

inni* 

lOC. 

90 

mm. 

t«c. 

Atmoc 

— 10 

2-o8 

13-54 

52539 

100 

1*0 

—9 

2*26 

17 

1442 

95 

633-69 

no 

"'-♦. 

—8 

2*46 

18 

1 5*36 

99 

733-21 

120 

1*96 

—7 

2-67 

19 

16-35 

99*1 

735-85 
738-50 

130 

2*67 

—6 

2-89 

20 

1739 

99-2 

140 

3*57 

-5 

313 

21 

1850 

99-3 

741-16 

150 

U 

—4 

3-39 

22 

19*66 

994 

743-83 

160 

-3 

3-66 

23 

20*89 

99-5 

746*50 

^Z*^ 

7-8 

— 2 

396 

24 

22-18 

99-6 

749*18 

180 

9.9 

—I 

4-27 

25 

2355 

99-7 

751*87 

190 

"•4 

0 

4*60 

26 

24*99 

99-8 

754-57 

200 

\u 

I 

4-94 

H 

26*51 

99.9 

757-28 

210 

2 

530 

28 

2810 

100 

760*00 

220 

22*9 

3 

569 

29 

29*78 

100  I 

762*73 

230 

27*5 

4 

6-10 

30 

31-55 

100*2 

76546 
768-20 

5 

6*53 

35 

4  "-83 

1003 

6 

7'00 

40 

54*91 

100*4 

771-95 

7 

7-49 

45 

71-39 

100*5 

773-71 

8 

8-02 

SO 

9198 

100*6 

776*48 

9 

8-57 

55 

117*48 

100*7 

779*26 

10 

917 

60 

148-79 
186*94 

233*08 

288*50 

100*8 

782*04 

II 

979 

65 

100*9 

784-83 

12 

10*46 

70 

lOI 

78763 

13 

Ii-i6 

75 

"05 

906*41 

14 

11*91 

80 

354-62 

no 

1075*37 

IS 

12*69 

85 

433 -oo 

« 

Text  of  the  Petroleum  Act,  1879. 

(42  8t  43  Vict.  c.  47.) 

I.  This  Act  may  be  cited  as  the  Petroleum  Act,  1879. 

This  Act  shall  be  construed  as  one  with  the  Petroleum  Act, 
1 87 1,  and  together  with  that  Act  may  be  cited  as  the 
Petroleum  Acts,  1871  and  1879. 
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2.  Whereas  by  the  Petroleum  Act,  187 1,  it  is  enacted  that 
the  term  *' petroleum  to  which  this  Act  applies"  means  such  of 
the  petroleum  defined  by  that  Act  as,  when  tested  in  manner 
set  forth  in  Schedule  One  to  that  Act,  gives  off  an  inflammable 
vapour  at  a  temperature  of  less  than  one  hundred  degrees  of 
Fahrenheit's  thermometer,  and  it  is  expedient  to  alter  the  said 
test :  Be  it  therefore  enacted  that — 

In  the  Petroleum  Act,  187 1,  the  term  **  petroleum  to  which 
this  Act  applies  "  shall  mean  such  of  the  petroleum  defined  by 
section  three  of  that  Act  as,  when  tested  in  manner  set  forth 
in  Schedule  One  to  this  Act,  gives  off  an  inflammable  vapour 
at  a  temperature  of  less  than  seventy-three  degrees  of  Fahren- 
heit's thermometer. 

Every  reference  in  the  Petroleum  Act,  187 1,  to  Schedule 
One  to  that  Act  shall  be  construed  to  refer  to  Schedule  One 
to  this  Act. 

3.  A  model  of  the  apparatus  for  testing  petroleum,  as 
described  in  Schedule  One  to  this  Act,  shall  be  deposited  with 
the  Board  of  Trade,  and  the  Board  of  Trade  shall,  on  payment 
of  such  fee,  not  exceeding  five  shillings,  as  they  from  time  to 
time  prescribe,  cause  to  be  compared  with  such  model  and 
verified  every  apparatus  constructed  in  accordance  with  Sche- 
dule One  to  this  Act  which  is  submitted  to  them  for  the 
purpose,  and  if  the  same  is  found  correct  shall  stamp  the  same 
with  a  mark  approved  of  by  the  Board  and  notified  in  the 
London  Gazette. 

An  apparatus  for  testing  petroleum  purporting  to  be  stamped 
with  the  said  mark  shall,  until  the  contrary  is  proved,  be  deemed 
to  have  been  verified  by  the  Board  of  Trade, 

All  fees  under  this  section  shall  be  paid  into  the  Exchequer. 

4.  The  Petroleum  Act,  187 1,  shall  continue  in  force  until 
otherwise  directed  by  Parliament. 

5.  This  Act  shall  come  into  operation  on  the  thirty-first  day 
of  December  one  thousand  eight  hundred  and  seventy-nine, 
which  day  is  in  this  Act  referred  to  as  the  commencement 
of  this  Act. 

6.  The   Petroleum  Act,  1871,  shall  be  repealed  after  the 
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commencement  of  this  Act  to  the  extent  in  the  third  column 
of  the  Second  Schedule  to  this  Act  mentioned. 

Provided  that  any  sample  of  petroleum  taken  before  the 
commencement  of  this  Act  shall  be  tested  in  manner  set 
forth  in  Schedule  One  to  the  Petroleum  Act,  1 871,  and  any 
offence  committed  before  the  commencement  of  this  Act  shall 
be  prosecuted,  and  any  investigation,  legal  proceeding,  or 
remedy  in  relation  to  such  offence,  or  to  any  act  done  before 
the  commencement  of  this  Act,  shall  be  instituted,  carried 
on,  and  have  effect  as  if  the  provisions  of  this  Act,  other 
than  those  continuing  the  Petroleum  Act,  187 1,  had  not  been 
passed. 

First  Schedule. — Mode  of  testing  Petroleum  so  as  to 
ascertain  the  temperature  at  which  it  will  give 
OFF  Inflammable  Vapour.  Specihcation  of  the 
Test  Apparatus.  (See  anie^  p.  204.)  Directions  for 
applying  the  Flashing  Test.     (See  ante,  p.  207.) 


Second  Schedule. — Act  repealed. 


Year  and  Chapter. 

Title. 

• 

Extent  of  repeal. 

34  &  35  Vict.  c.  105. 

The  Petroleum 
Act,  1871. 

Section  three,  from  <<  and  the 
term  petroleum  to  which  this 
Act  applies  '*  inclusive  to 
the  ena  of  the  section.  Sec- 
tion eighteen. 

INDEX. 


A  CETIC  add  test  for  oils,  282 
^~^    Aich's  metal,  analysis  of,  96 
Air,  influence  of  excess  of,  in  com- 
bustion of  coal,  184 
Albuminoid  ammonia  in  waters,  es- 
timation of,  232 
Alloys,  88 

method  of  analysis  of,  89 

Alkalinity  of  waters,  determination 

of,  202 
Alumina,  estimation  o£^  in  ashes,  170 

in  iron  ores, 

III 
Alaminlum,  estimation  of,  in  iron 
and  steel,  51 

influence  of,  upon  iron 

and  steel,  32 
Ammonia,  amount  in  various  liquors, 

324 

Ammoniacal  liquor,  composition  of, 

323 

■■ —  cost  of  lime  to 

expel  combined  NH„  328 
Ammoniacal  liquor,  valuation  of,  324 
Ammonium   hydrate,   strengths   of 
solutions  of  various  specific  gravi- 
ties, 384 
Ammonium   nitrate  powder,   com- 
position of,  364 

. sulphate,  analysis   of, 

328 


Ammonium  sulphate,  estimation 
of  sulphocyanates  in,  329 

Anthracites,  composition  of  various, 
176 

Antimony,  estimation  of,  in  copper, 

66 

white 

metals,  97 

Appendix,  366 

Archbuttand  Deeley's  softening  pro- 
cess, 221 

Arsenic,  estimation  of,  in  copper,  66 

Ash,  amount  of,  in  various  coals,  179 

yield  of,  from  various  gas  coals, 

323 
Ashes  of  fuels,  method  of  analysis  of, 

x66 
Atlas  powders,  composition  of,  363 
Atomic   weights   of    the    elements 

(H=i).366 
Atomic   weights   of    the    elements 

(0=16),  368 
Axle-bearings,  comparative  wear  of, 

385 


IDABBIT'S  metal,  analytical  data 

^     of  an  analysis  of,  99 

Basic  process,  25 

Bellite,  composition  of,  364 
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Bell-metal,  analysis  of,  96 

Bessemer's  process,  35 

Bismuth,  estimation  of,  in  copper, 

68 
Blast  pipe,  Macallan's  variable,  note 

on,  165 
Blasting  gelatine,  methods  of  analysis 

of,  356 
Bleaching  powder,  348 
Boiler  incrustations,  analysis  of,  1x6 
Bolton's  powder,  composition  of,  361 
Brass,  methods  of  analysis  of,  gs 

and  bronze,  various  analyses 

of,  96 
— ^—  analytical  data  of  an  analysis 

of,  94 
—  best  analysis  of,  96 
-^—  common  analysis  of,  96 
— ^—  pin-wire,  analysis  of,  96 
yellow  „         96 


Britannia  metal,  analysis  of,  xoi 
Bronolithe,  composition  of,  365 
Bronze,  method  for  analysis  of,  93 

coinage,  composition  of,  96 

for  bearings        „  96 

-^^^—  wheel  boxes       ^,  96 

Buenos  Ayres  and  Rosario  Railway, 

coal  and  oil  on  the,  187 
Butterine,  354 


/^ALORIFIC  value  of  gases,  154 
^-^  Calorific  value  of  gas  deter- 
mined by  Hartley's  calorimeter,  158 
Calorific  value  of  solid  and  liquid 
fuel  determined  by  calorimeter,  135 
Calorific  value  of  solid  and  liquid  fuel 

determined  by  calculation,  138 
Candle  power  of  gas,  determination 

of,  307 
Carbolic  acid,  assay  of,  344 
'  powders,  assay  of,  346 

properties  of,  343 

Carbon,  combined,  estimation  of,  in 
steel,  46 


I 


Carbon,  combined,  amount  in  steels 

for  various  purposes,  28 
Carbon,  combincKl,  condition  of,  in 
steel,  experiments  on,  29 
estimation  of,  in  solid  and 
liquid  fuels,  129 
Carbonic  acid,  estimation  of,  in  iron 

ores,  109 
in  ashes,  estimation 
of,  173 
Castellanos  powder,  composition  of, 

363 
Caustic  soda,  assay  of,  300 
Chlorate  powders,  composition  of, 

362 
Chloride  of  lime,  assay  of,  348 
Chromium,  effect  of,  on  steel  tyres,  34 

estimation  of,  in  iron  and 

steel,  52 
Clay,  blue,  composition  of,  118 

brick  „  118 

ironstone        „  115 

pipe  „  X18 

sandy  „  118 

Stourbridge   „  118 

Coal  and  oil,  comparative  consump- 
tion of,  on  Buenos  Ayres  and 
Rosario  Railway,  187 

consumption  of,  by  compound 

and  ordinary  locomotives  on 
Great  Eastern  Railway,  176 

gas,  303 

average  composition  of,  193 

estimation  of  sulphur  other 

than  SH2  in,  318 

London     Gas      Referees* 

mode  of  testing,  307 

sulphuretted  hydrogen,  es< 

timation  of  in,  315 

yield  of,  from  various  coals, 

323 
Coal  tar,  synopsis  of  distillation  of, 

332 

thermic   value    of,   compared 

with  gas,  155 
Coals,  classification  of,  123 
—various, analjrsesof,  i2yi,  176 
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Coals,  various,  average  value  of,  178 
Welsh   steam,  com- 
parative values  of, 
179 

yields  of  distillation, 

products  from,  334 
Coke,  estimation  of,  in  fiiels,  123& 

yield   of,  from   various   gas 

coals,  323 
Collodion  cotton,  analysis  of,  357 
Condy's  fluid,  assay  o^  347 
Converter  gases,  analysis  of,  194 

lining,    composition   of, 

119 

Copper,  properties  of,  62 

analyses  of  two  samples  of, 

81 
analytical  data  of  an  analy- 
sis of,  76 
•^ estimation  of  Ag  and  S  in, 

combined 

oxygen  in, 
70 

in  copper, 

73 
— ^— insoluble  re- 
sidue in,  63 

Pb    and    Bi 

in,  68 

Sb   and    As 

in,  66 

— ■ Sn  in,  72 

• methods  for  complete  analy- 
sis of,  63 

tube  plates,  specification  of, 

for  Indian  States  railways,  82 
Cottonseed  oil,  properties  of,  278 
Courteille's  powder,  composition  of, 

362 
Creosote,  334 

composition    of,    L<ondon 

and  Country,  342 

Dr.    Tidy's    specification 

for,  339 
Sir  Frederick  Abel's  speci- 
fication for,  341 


"TV  ANUBE  river,  at  Vienna,  analy. 

-*-^     sis  of,  217 

Davis,  Mr.  G.  E.,  on  classification  of 

coal,  123& 
EVivey's  powder,  composition  of,  362 
Designolle's    „  m  3^4 

Diapson  „  ft  3^3 

Diorrezin         „  i»  3^1 

Disinfectants,  343 

Distillation  method  for  arsenic  esti- 
mation, 75 
Dualin^,  composition  of,  363 
Dutch  metal,  analysis  of,  96 
Dynamite  powders,  composition  of, 

363 
Dynamogen,  composition  of,  362 


BBW  Vale  steam  coal  analyses, 

177 
Ehrhardt's  powders,  composition  of, 

363 
Elalden  test  for  oils,  279 

Explosives,  351 

Home  Office  instructions 


as  to  tests  of,  365 


FACTORS  used  in  analysis,  370 
Fats,  melting  points  of,  256 
Fatty  acids,  melting  points  of,  256 

and  mineral  oil,  quick  method 

for  separating,  253 
Ferromanganese,  analysis  of,  89 
^Firebricks,  analysis  of,  xx8 
Fish  oils,  test  for,  in  vegetable  oils, 

282 
Flash  points  of  oils,  directions  for 

applying,  262 
Flue  gases,  composition  of,  183 
Fluidimeter,  243 
Formulae   for    calculating    thermic 

value  of  fuels,  140 
Free  ammonia  in  waters,  estimation 

of,  230 
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Free   fatty   acids*   amoimtB  of,  in 

various  oils,  250 
Free  fatty  acids,  estimation  of,  in 

oils,  248 
Fuel  ash,  analysis  of,  166 
Fuels,  patent,  analyses  of,  178 

solid,  liquid  and  gaseous,  120 
various,  table  of  calorific  value 

of,  X4a 


GANNISTER,  Sheffield,  analysis 
of,  izB 
Gas,  coal,  analysis  of,  120 

natural  American,  analysis  of, 

192 

Pittsburg,  analysis  of,  155 

water  „  192 

Gaseous  fuel,  determination  of  con- 
stituents of,  148 

formula  for  obtaining 

calorific     value    of, 

154 
thermic  value  of,  com- 
pared with  coal.  155 
Gases,  blast  furnace,  analyses   of, 
192 

composition  of  various,  194 

Gasworks  products,  303 

Gelatine     dynamite,    methods     of 

analysis,  356 
Gelignite,  method  of  analysis,  356 
Gibb*s  viscosimeter,  244 
Gippsland,  analysis  of  brown  coal 

from,  X23a 
Goetz'  powder,  composition  of,  363 
Grazi  and  Tsaritsin  railway,  trials  of 

various  fuels,  188 
. consumption  of  coal  and  pe- 
troleum on  locomotives  of,  189 
Grease,  scheme  for  analyis  of,  302 

railway,  manufacture  of,  288 

black,  composition  of,  289 

yellow,  „  289 


Guncotton  explosives,  composition 

of,  364 
Gunpowder,  359 

analysis  of,  360 

— — ^— — ^^—  products  ol 

combustion  of,  360 


TT  AMPE'S  method  of  determining 
^•■^    oxygen  in  copper,  70a 
Hflunatite,  brown,  analysis  of,  1x5 

red,  analysis  of,  1x5 

Hardness  of  waters,  determination 

of,  200 
Hard  water,  standard,  preparation 

of,  200 
Hartley's  calorimeter,  157 
Meat,  disposal  of,  X85 

effective,  determination  of,  by 

calculation,  X4Z 

of  combustion,  distribution 

of,  184 
Hehner's  Bromine  thermal  test  for 

oils,  287a 
Hercules  powder,  composition    of, 

363 
Holden's  injector  for  liquid  fuel,  146 

Home  Office  test  for  explosives,  365 
Hydrochloric  acid,  strength  of  solu- 
tions of  various  specific  gravities, 
38X 
Hydrogen,   estimation  of,  in    solid 
and  liquid  fuel,  129 


TLLUMINATING  power  of  gas, 
-^     determination  of,  305 
Illuminating   power   of   gas,    from 

various  coals,  323 
Ingot  steel,  analyses  to  show  unequal 

distribution  of  the  elements,  60 
Introductory  chapter,  i 
Iodine  absorption  test  for  oils,  284 
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Iron,  estimation  of.  in  brass,  bronze, 

&c.,  94 

■ copper,  64 

iron,  49 

— iron   ores,  as 

FeO,  Z08 

— iron  ores,  as 

Fe,Oa,  109 

Iron  (total),  estimation  of,  in  iron 
ores,  X06 

Iron  and  aluminium,  3a 

carbon,  27 

chromium,  33 

copper.  32 

— —  manganese,  32     ' 

nickel,  36 

phosphorus,  35 

silicon,  30 

sulphur,  31 

steel,  22 

classification  of,  26 

analyses  of  various 

kinds  of,  57 

. estimation  of  alu- 
minium in,  51 

. estimation  of  com- 
bined carbon  in,by 
combustion,  42 

■ —  estimation  of  com- 
bined carbon  in, by 
Eggertz'  test,  46 

estimation  of  chro- 
mium in,  52 

estimation  of  copper 

in,  48 

• —  estimation  of  graph- 
ite and  silicon  (Al- 
len's method),  40 

estimation  of  graph- 
ite by  combustion, 

46 

estimation  of  Si,  S, 

P  and  Mn  in,  38 

estimation  of  tita- 
nium in,  53 

— estimation  of  tung- 
sten in,  54 


Iron  and  tungsten,  36 

ores,  analyses  of  various,  1 15 

— methods    for   complete 

analysis  of,  105 


T  ALINE,  composition  of,  362 
-'     Johnite,  „  362 


Johnson's  powder,  composition  of. 
364 


XT  AOLINS,  various  analyses  of,  1 1 8 
*^    Kent  Company's  water,  analy- 
sis of,  217 
Knaffi's  powder,  composition  of,  362 
Kieselguhr  dynamite,  analysis  of,  357 


L 


EAD,  82 

analyses  of,  83 

method  of  analysis,  84 

estimation  of,  in  copper,  68 


Lime,  estimation  of,  iron  ores,  &c.. 

Ill 
— —  in  ashes,  estimate  of,  71 
Limestones,  analyses  of,  116 
Linseed  oil,  properties  of,  277 
Liquid  fuel  and  coal,  comparative 
cost  of,  on  Great  Eastern  Railway, 
186 
Liquid  fuels,  various,  comparative 

values  of,  138 
Lubricating  oils,  238 

special,  special 

work  for,  239 

various    tests   for, 

239 

■ viscosities   of    va* 

rious,  243 
Lux  specific  gravity  balance,  163 
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MACALLAN'S     variable     blast 
pipe,  i66 
Magnesia,   estimation    of,   in   iron 

ores,  112 
— ^— —  estimation  of,  in  waters, 

203 
— — ^  in  ashes,  estimate  of,  76 
Magnetic  iron  ore,  analysis  of,  115 
Massie's  nitric  acid  test,  282 
Maumen6'8  test  for  oils,  279 
Meteoric  iron,  analysis  of,  57 
Moisture,  estimation   of,    in    faels, 

122 

Millian's  test  for  oils,  283 
Monmouthshire  steam  coal,  177 
Muntz'  metal,  analysis  of,  96 


"^ESSLER   reagent,  preparation 
•^-^     Of,  229 

New  River  Company's  water,  analy- 
ses of,  217 
Nickel,  estimation  of,  in  copper,  64 
Nisser's  powder,  composition  of,  363 
Nitrated  powders  „  362 

Nitrates,  estimation  of,  in  water,  206 
Nitric  acid  colour  test  for  oils,  282 

strength  of  solutions  of 

various  specific  gravities,  382 
Nitrogen,  estimation  of,  in  fuels,  127 
Nitro-glycerine,  35 1 

compounds,  scheme 

for  analysis  of,  358 
Nitro-naphthalene,  composition  of, 

364 
Nutmeg  butter,  254 


/^IL,  almond,  250,  254 

^-^     Oil,    American    and    Russian 

Mineral,  267 
Oil,  arachis,  254 
— ^  bank  cod,  247 


Oil,  bottlenose,  247 

castor,  131,  247 

cocoa-nut,  247 

cod-liver,  247 

cotton-seed,  247,  250,  253 

Elaine,  247 

hempseed,  250 

horsefoot,  279 

Japan  fish,  258 

Labrador  cod,  247 

lard,  247,  250 

laurel,  254 

linseed  (raw),  277 

(boiled),  278 


Oils 


Menhaden,  247 

mustard,  250 

neat's-foot,  247,  250,  253 

Niger  seed,  258 

olive,  276 

palm,  291 

pea-nut,  247 

poppy,  190,  247.  254 

porgy,  247 

rape-seed,  275 

resin,  247,  258 

sea  elephant,  247 

seal,  247 

Sesam6,  258 

shark-liver,  285 

sperm,  247,  255,  258 

tallow,  247 

tanner 's-God,  247 

turpentine,  272 

walnut,  282 

,  acetic  acid  test  for,  282 

American  petroleum,  tests  for. 
265 

burning,  assay  of,  261 

creosote,  table  showing  charac- 
ter of  various,  342 

determination  of  melting  points 
of,  254 

determination  of  viscosity  of, 
240 

Elalden  test  for,  279 

estimation  of  suspended  mattet 
in,  256 
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Oils.  Catty  and  mineral,  estimation  of 

in,  251 
•^— flash  points  of,  directions  for 
applying,  264 

flash  points  of,  description  of 

test  apparatus,  262 

free  fatty  and  mineral  acids  in, 

248 

gas   specification    for   G.E.R., 

270 

tests  of  3  samples  of,  271 

— ^—  tests  of,  with  Pintsch's  and 

Keith's  apparatus,  272 
^^  gumming  properties  of,  256 

iodine  absorption  test  for,  284 

kerosene,  tests  of,  267 

loss  on  evaporation  at  2x2**  F., 

256 

lubricating,  238 

Maumen6'8  test  for,  279 

melting  points  of  ▼arious,  255 

mineral  illuminating,  260 

scheme  for  analjrsing,  259 

special  work,  for  various,  239 

specific  gravities  of,  determina- 
tion, 246 
-^—  specific  gravities  of,  determina- 
tion of  various,  247 
i— -  sulphuric  acid,  colour  test  for, 
281 

—  tests  for  lubricating.  239 

various,  action  of,  on  iron  and 

copper,  250 
—^various,   mean    percentage  of 

free  fatty  adds  in,  250 

—  various,  viscosities  of,  at  differ- 

ent temperatures,  243 
^—  vegetable,  test  for  fish  oils  in, 

282 
-^—viscosities    of,   determination. 

240 
Olive  oil,  properties  of,  276 
Organic  matter  in  waters,  207 
Oxygen  in  copper,  70 

Hampe's  method  for  deter- 

mining, 70a 

in  fuels,  132 


pALM  oil.  291 

"*•    free  fatty  acids  in,  292 

Paul's  method  for  obtaining  effective 
heat  of  fuel,  143 

Pensky-Marten's  flash-point  appara- 
tus, 265a 

Petralithe,  composition  of,  363 

Petrofacteur,  composition  of,  364 

Petroleum  Act  (1879),  386 

and     coal,    evaporative 

values  of,  187 
■    oil,  products  of  distilla- 
tion of,  266 

storage  of,  268 

residuum,  293 

Pewter,  triple,  composition  of,  zox 

ley,  composition  of,  10 1 

Phosphoric   acid,  estimation  of,  in 
iron  ores,  1x4 

Phosphorus,  estimation  of,  in  iron 
and  steel,  38 

Phosphoric  acid  in  ashes,  estimate 
of,  X71 

Picric  acid  powders,  composition  of, 

364 
Pig  irons,  analyses  of  various,  58 
Poisonous  metals  in  waters,  detec- 
tion of,  236 
Potash  and  soda  in  ashes,  172 

estimation  of,  in  waters,  204 

Potassic  hydrate,  strength  of  solu- 
tions of  various  specific  gravities, 

383 
Potassic  permanganate,  reagent  for 
water  analysis,  preparation  of,  229 
Pudrolithe,  composition  of,  362 
Pump  valves,  analysis  of,  96 
Pyrolithe,  composition  of,  362 
Pyronome,  composition  of,  361 
Pyronome  (chlorate  mixtures),  com- 
position of,  363 


"pAIL  steel,   analysis  of   a   bad 
"*^    sample,  59 
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Rail  steel,  ftnalysis  of,  59 

Rape  oil,  properties  of,  275 

Reddrop's  system  of  chemical  re- 
agents, a 

Redwood's  apparatus  for  detecting 
petroleum  vapours,  270 
'    viscosimeter,  240 

Rendrock,  composition  of,  3G4 

Resin,  estimation  of,  in  soaps,  295 

Rhine  water  at  Strasburg,  analysis 
of,  216 

EUione  water  at  Geneva,  analysis  of, 
2x6 

River  waters,  analysis  of  various,  216 

Roburite,  composition  of,  363 


n  AFETY  blasting  powder,  362 
*^    Saponification  of  oils,  287 
Sayler,    Mr.    C.    A.,   on    chemical 

classification  of  coal,  123 
SchUffior's  powder,  composition  of,  362 
Schultxe  „  „  364 

Securite  „  „  364 

Seine  river  above  Paris,  analysis  of, 

az6 
Siemens'  producer  gas,  analysis  of, 

191 
Silica,  estimation  of,  in  iron  ores,  107 

in  ashes,  estimation  of,  166 

Silicious  pig-iron,  analysis  of,  58 
Silicon  and  carbon,  influence  of,  in 
steel  for  tyres,  &c.,  30 

estimation  in  iron  and  steel , 

Allen's  method,  40 

estimation  in  iron  and  steel, 

aqua  regia  method,  38 

estimation  in  iron  and  steel, 

sulphuric  acid  method,  47 

table  indicating  strength  of 

steel  containing,  31 
Silver    nitrate    solution,    standard 

preparation  of,  aoz 
Slag,  blast  furnace,  analysis  of,  1x2 


Soap  for  grease-making,  analysis  of, 
294 

'  scheme  for  complete  analysis 
of,  298 

Soaps,  analyses  of,  298 

Soap  solution,  standard  preparation 
of,  X99 

Soda  ash,  analysis  of  Glasgow  re- 
fined, 302 

Soda  ash  for  grease-making,  assay 
of,  30X 

Soda,  estimation  of,  in  water,  204 

Sodic  carbonate,  preparation  of  stan- 
dard E  solution,  20 

Sodic  hydrate,  strength  of  solution  of 
various  specific  gravities.  383 

Solder,  brazing,  composition  of,  xox 
■"  common  ,,  xoi 

coarse,  „  zoi 

fine,  „  loi 


tt 


Spathic  ore,  analysis  of,  1x5 
Specific  gravity  of  coal,  determina- 
tion of,  X33 
Specific  gravity  of  liquid  fuel,  deter- 
mination of,  Z34 
Specific  gravity  of  oils,  determina- 
tion of,  245 
Speculum  metal,  composition  of,  97 
Spent  oxide,  assay  of,  331 
Spiegeleisen,  analysis  of,  89 
Spree  river,  analysis  of,  2x7 
Standard  gas-burner,  31  x 

equivalent  solutions,  20 

Stead,  Mr.  J.  E.,  on  use  of  micro- 
scope in  ascertaining  structure 
of  iron  and  steel,  61a 

on  structure  of  pig-iron,  61/ 

Steel,  24 

analytical  data  of,  55 

use  of  microscope  in  analysis 

of,  61a 
ingot,   analysis  of,  to   show 

distribution   of  elements, 

60 
— —  rail,  broken,  analysis  of,  59 
ideal  composition  of,  59 


■Krupp  gun,  analysis  of,  6z 
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Steel,  specification  of,  for  shipbuild-  i  Tin  plate,  estimation  of  tin  in,  xoz 


ing,  6z 

Swedish  gun  barrel,  analysis 

of,  6z 
Sterro  metal,  composition  of,  96 
Sulphates,  estimation  of,  in  waters, 

ao5 
Sulphate  of  ammonia,  analysis  of,  328 
Sulphocyanates,   estimation   of,    in 

AmtSO^,  329 
Sulphur,  estimation  of,   in  copper, 

76 

fuel,  124 

gaseous 

fuel,  151 

< iron    and 

steel,  38 
Sulphur,  otherwise  than  SHs,  estima- 
tion of,  in  coal  gas,  318 
Sulphuretted  hydrogen  in  coal  gas, 

estimation  of,  315 
Sulphuric  acid,  colour  test  for  oils, 

281 

estimation  of,  in  iron 

ores,  ZZ4 
standard  E  prepara- 
tion of,  90 

strength  of  solution 

of  various  specific 
gravities,  380 


'p ALLOW,  289 
-*'    Tar,  coal,  sjmopsis  of  distillation 

of,  332 

Thames  water  at  Twickenham,  ana- 
lysis of,  2x6 

Thermometers,  comparison  of  vari- 
ous, 378 

Thermometers,  table  of  comparison 
of*F.  and^'C,  379 

Tin,  estimation  of,  in  copper,  72 

-brass,  bronze, 

ftc.,  92 

. tin  plate,  zoz 

white    metals, 

97 


Titanic  add,  estimation  of,  in  iron 

ores,  ZZ3 
Titanium,  estimation  of,  in  iron  and 

steel,  53 
Tonkin  coal,  analyses  of,  z66 
Tungsten,  estimation  of,  in  iron  and 

steel,  54 
Turpentine,  boiling  point  of,  273 

distillation  of,  273 

oil  of,  272 

specific  gravity  of,  273 

test    for   ziaphtha   in, 

274 
Twaddle's  hydrometer,  comparison 

of  with  Sp.  Gr.,  378 
Tyre,  good  Krupp,  analysis  of,  59 
Tyre,   steel,   analysis   of  an   ideal 

sample  of,  59 


ITALENTA'S    acetic    acia    test, 
^     282 
Victorite    powder,   composition   of, 

364 
Vigorite  powder,  composition  of,  364 
Violette's        „  „  362 

Viscosity  of  oils,  method  for  deter- 
mining, 240 

various,  243 

Volatile  matter  in  fuel,  estimation  of, 

X23 
Vulcan  powder,  composition  of,  363 


TXTATER,  analytical  daU  of  an 
*  ^     analysis  of,  208 
Water  analysis  for  boiler  purposes, 

196 
analysis,  preparation  of  stan- 
dard soap  solution  for,  Z99 

analysis,  scheme  for,  213 

collection  of  samples  of,  197 

estimation  of  suspended  mat- 
ter in,  Z98 
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Water,  estimation  of  hardness  in,  200 

in  iron  ores,  105 

total  solid  mat- 
ter in,  200 

for  boiler  use,  196 

gases,  analyses  of,  192 

hard,  preparation  of,  199 

softening  of,  219 


New  River  Co.'s,  analysis  of, 

217 

nitrates,  estimation  of,  in,  234 

preparation  of  distilled,  free 

from  ammonia,  230 

Kent  Co.'b,  analysis  of,  217 

Waters,    detection     of     poisonous 

metals  in,  236 
drinking,  classification  of, 

337 
drinking,  methods  of  ana- 
lysis of,  228 
various  sea,    analyses  of, 
ai8 


Weights  and  measures,  Brit.  Pharm.. 

374 
Weights  and  measures,  metrical,  375 
— — ^— ^— ^-^—  tables     for 

conversion  of  metrical  into  English 

and  vice  versa^  375 
White  lead,  analjrsis  of  (qualitative), 

102 
White  lead,  analysis  of  (quantitative), 

Z02 

White  metals,  analsrsis  of,  97,  xoi 

estimation  of  Sn. ,  Cu . 

Fe.,Zn.,Ac.,  in,  97 
Wrought  iron,  23 
Wye  river  water,  analysis  of,  208 


7  INC,  86 

^    Zinc,  analjrsis  of  comcl.,  87 
Zinc,  method  of  analysis,  86 
estimation  of,  in  brass,  94 
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MECHANICAL    ENGINEERING,   ETC. 


THE   MECHANICAL   ENGINEER'S   POCKET-BOOK. 

Comprising  Tables,  Fonnube,  Rules,  and  Data :  A  Handy  Book  of  Reference 
for  Daily  tJse  in  EngineeringPractice.  By  D.  Kinneak  Clark,  M.  Inst.  C.E., 
Fifth  Edition,  ihoroi^hly  Revised  and  Enlarged.  By  H.  H.  P.  Powles, 
A.M.I  C.E.,  M.I.M.E.  Small  8vo,  700  pp.,  bound  in  flexible  Leather  Cover, 
rounded  corners Net  6/0 

Summary  of  contbnts  :— Mathematical  Tables.— Measurement  op  surfaces 
AN0  souDS.— English  weights  and  measures.— French  metric  weights  and 
Measures.— Foreign  weights  and  Measures.— moneys.— specific  gravity, 
Weight,  and  Volume.— manufactured  Metals.— Steel  Pipes.— Bolts  and  Nuts.— 
Sundry  articles  in  wrought  and  Cast  Iron,  Copper,  Brass.  Lead,  Tin.  Zinc- 
Strength  OF  Materials.- STRENGTH  of  Timber.— strength   of  Cast  Iron.— 

STRENGTH  OF  WROUGHT  IRON.— STRENGTH  OF  STEEL.- TENSILE  STRENGTH  0>  COPPER, 

LEAD,  ate— Resistance  of  stones  and  other  building  Materials.— Riveted  Joints 
IN  BOILER  Plates.— Boiler  shells.— Wire  Ropes  and  Hemp  Ropes.— Chains  and 
Chain  Cables.— framing.— Hardness  of  Metals,  alloys,  and  Stones.— Labour  of 
animals.— Mechanical  principles.— Gravity  and  Fau.  of  bodies.- accelerating 
and  Retarding  forces.— mill  gearing,  shafting,  &c.— transmission  of  Motive 
POWBR.—HBAT.— Combustion  :  Fuels.- Warming,  ventilation.  Cooking  Stoves.- 
steam.— Steam  Engines   and    Boilbrs.—Railways.->Tramways.— Steam  Ships.— 

PUMPING  STEAM  ENGINES  AND  PU  MPS.— COAL  GAS,  GA>  ENGINES,  dtc.— AlR  IN  MOTION. 

—Compressed  Air.— hot  air  Engines.— Water  Power.— speed  of  Cutting  Tools. 
—COLOURS.— Electrical  Engineering. 

"  Mr.  dark  manifests  what  Is  an  innate  perception  of  what  Is  likely  to  be  useful  In  a  pocket- 
book,  and  be  is  really  unrivalled  in  the  art  of  condensation.  It  is  reiy  difficult  to  liit  upon  any 
mechanical  engineering  subject  concerning  which  this  work  supplies  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utilitv.  In  one  word,  it  is  an  exceedingly  handy  uid  efficient 
tool,  posaeaaed  of  which  the  engmeer  will  be  saved  many  a  wearisome  calculation,  or  yet  more 
weainome  hunt  through  various  text'books  and  treatises,  and,  as  such,  we  can  heartily  recommend 
to  our  readers."- TAtf  Bngvutr. 

"  It  would  be  found  difficult  to  comprees  more  matter  within  a  similar  compass,  or  produce  .1 
book  of  700  pages  which  should  be  more  compact  or  convenietu  for  pocket  reference.  .  .  .  Will 
be  appiedetMDy  mechaeiral  engineers  of  all  rlitirirt  "— f — '"rrl  Bngituer. 


CROSBY  LOCKWOOD  *•  SON'S  CATALOGUE, 


MR.  HUTTON'8    PRACTICAL   HANDBOOKS. 


•• 


THE   WORKS'  MANAGER'S    HANDBOOK. 

Comprising  Modem  Rules,  Tablet,  and  Data.  For  Engineers,  Millwrighn. 
and  Boiler  Makers ;  Tool  MaJcers,  Machinists,  and  Metal  Workers ;  Iron  and 
Brass  Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."  Sixth  Edition,  carefotty 
Revised,  and  Enlarged.  In  One  handsome  Volume,  medium  8vo,  strongly 
boand 16/0 

BV  Thg  Author  having  eompiUd  RvUt  a$td  Data  for  his  own  us*  in  a  gnat 
waritty  of  modam  tngintsrin^  work,  and  having  found  hu  notes  sxtrtm§ly  ustful^ 
dscidsd  to  publish  them — revued  to  date—^lieving  that  a  practical  work,  suited  to 

the  DAILY  RBQUIRBMBKTS  OF  MODERN  BNGINBKRS,  WOUld  M  fOVOUrobly  received, 

"  The  author  treats  every  subject  flrom  the  point  of  view  of  one  wtio  has  collected  workshop 
notes  for  application  In  workshop  practke.  rather  than  from  the  theoratlcal  or  Hterary  aspecc  Tlie 
Tohime  contains  a  great  deal  of  that  Und  of  infonnatkm  which  is  gained  only  by  practical  experience, 
and  Is  aeldom  written  in  books."— 7'A<  EngiMttr,  June  5,  1885. 

"  Of  this  edition  we  may  repeat  the  appreciative  remarks  we  made  upon  the  first  and  third. 
Since  the  appearance  of  the  Utter  verv  considerable  modtficatloas  have  been  made,  although  the 
total  number  of  pages  remains  almost  the  same.  It  Is  a  very  useAil  collection  of  rules,  UbiM,  and 
workshop  and  drawing  oflkc  data."— TAc  Engitutr,  Mar  lo,  1B95.    (Second  Notice.) 

"  The  volume  Is  an  ezceedingljr  useful  one.  brimnil  with  engm«er  s  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer's  booEshdC"— ifSerA««i<c»/  IVtrid. 

"  The  information  Is  precisely  that  likely  to  be  required  In  practice.  .  .  .  The  work  forms 
a  desirable  addition  to  the  library  not  only  of  the  works'  manager,  but  of  any  one  connected  with 
general  engineering."— ^tfnwv^  y^urti^ 

'  Bruuful  of  uaeftil  information,  stated  in  a  concise  form,  Mr.  Button's  books  have  not  a 

!:  want  among  engineers.  The  book  must  prove  eaxreoMly  useftil  to  every  practical  BMa 
ng  a  copy.  "—Prmcttcai  Sttfinur, 

THB    PRACTICAL   ENQINEBR'S   HANDBOOK. 

Comprising  a  Treatise  on  Modem  Engines  and  Boilers,  Marine,  Locomotive, 
and  Stationary.  And  containing  a  largje  collection  of  Rules  and  Practical 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  ol 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a  com* 
prehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certificates 
of  Competency  in  Modem  Mechanical  Engineering.  By  Waltbr  S.  Hittton, 
Civil  and  Mechanical  Ennneer,  Author  of  "  The  works'  Manager's  Handbook 
for  Engineers,"  &c.  With  upwards  of  490  Illustrations.  Sixth  fi^ition, 
Revised  and  Enlarged.    Medium  8vo,  nearly  560  pp.,  strongly  bound.    18/0 

BV  This  Work  is  designed  as  a  companion  to  the  Author's  "Works' 
Manager's  Handbook."  It  possesses  many  new  and  original  features,  and  con- 
tains,  like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publication 
but  collected  by  the  Author  for  his  own  use  in  the  construction  of  a  great  variety  of 

MODBRN   EnGINBBRING  WoRK. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  490  Engravings ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  destgning,  constrt$ctingt  or  estimating  for  Engines,  Boilbrs, 
«im/othbr  Enginbkring  Work. 

"We  have  kept  It  at  hand^or  several  weeks,  reforrlng  to  It  as  oocasloa  arose,  and  we  have  not 
on  a  shigle  occasion  consulted  its  pages  without  finding  the  Informatloa  of  which  we  wese  la  quest." 
—AtMerurufH. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something  that  will  be  of  service  to  tarn."— M»ri9u  Enginur. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of 
engineering.  "—SrorxmaM . 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authurliles  oa 
mechanical  engineering."— ^Mi/<^iff^  Aews. 

"  The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  Judgment  m  the  selections  he  has  made.  .  .  .  There  b  no  donbt  that  this  book  Is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium."— J5«viM«(r. 

"  A  mass  of  infonnaiion  set  down  in  simple  language,  and  in  such  a  form  that  It  can  be  eaaAy 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen,  and  Is  greatly  ehiddased 
by  the  illustrations.  The  book  will  hnd  its  way  on  to  most  engineers'  shelves,  where  it  will  nak  as 
one  of  the  most  useful  books  of  reference."— /ViecMra/  Engtfutr. 

"  Full  of  useful  information,  and  should  be  found  on  the  oAce  shelf  of  afl  ptactlcal  engineers.  * 
<^BnrHth  MuManic, 


MECHANICAL  ENGINBBRING.  &<.  3 

MR.   MUTTON'S   PRACTICAL  HANDBOOKS-cc"""*'- 
STBAM   BOILER   CONSTRUCTION. 

A  FnctioJ  Hindbook  for  Endn«n,  Boitfr-Mikcn,  wd  Slew  Uien. 
Conuinini  ■  Uige  Colkciion  of  Rul«  and  Dua  nktiiif  lo  Rcccni  Prvtio 
En  tlH  Doicn,  ContlruciiaD.  and  Woiliine  of  ill  Kindi  of  Suuianuy,  Loco- 
motin,  nd  Uujnc  S(am-Bail>rs.  Bj  Waltu  S.  Hutton,  Civil  ud 
Medunual  EniiDaer,  Autbor  of'Thc  Wotki'  Muugs'i  Kuidbtxik,"  "  Tbc 
Pmaial  Engineer's  Hindbook,"  &c  With  Dpwurdi  of  joo  liluilntioiu. 
Fourth  Edition.  cuTfnllyReTiHd.uid  Enluged.   Medium  Svo,  ovei  6go  puei. 

doth.  ucooglT  bouod IS/O 

■V"  Trk  Wovk  it  itiusd  fa  eotMtuiiMM  of  tlu  Strln  «/  Hai^iMlu  wHum 

4jF(**,l«A«.li«..— "TH«Wo»ltsM.I.ACMSHAKD«OOIt'fl«d"TM«P«ACTlC»I. 

BMSimn's  Hahdbook,"  >Wc*  art  m  kigUy  appnciaUd  by  Mft'nwn  far  tJw 
prtuHcAl  naturt  of  tJmr  im/ormahom ;  dnJ  u  conugutittiy  mritltn  in  (A«  tamt  itylt 

Tin  Aullwr  Mian  that  tlu  conantraliim,  im  a  amvHmit  form  far  laij 
Ttftrnct,  0/  siKh  a  larn  a-tamil  of  HummgUy  practical  tnlormatum  in  Sinm- 
Ettitrt,  wiabiof  coiuidnabU  urvict  lo  llwti  for  wluim  it  is  Mfntftd.  and  hi  Irustt 
tkt  too*  may  ti4  ditnui  warthf  of  at  /avourablt  a  nctptiott  di  Aoj  iui>  accaritd  to 
Ut  prtdtaaors. 


PRACTICAL   MBCHANIC5'    WORKSHOP   COMPANION. 

Comprisme  a  greu  vviely  of  the  moat  uiefii]  Rdq  uid  Formni*  in  Uechiuictl 
Sdence,  with  [luineroui  labia  o(  Pnclictl  Du>  ud  Cdculued  Resulu  lor 
FiicilEtuitiE  Mcchiuiical  Opciaiiooi.  By  William  TiHrLsroN,  Author  of 
■' Tbe  Kngineer'j  PrArtic»i  AA!isl»nl,"ftc.,  &c  Eighteenth  Edition,  Rtvi»d, 
ModemLied,  And  conuderlblT  Enluged  by  Waltu  S.  HUTTOH,  C.E.,  Author 
of  "Th«  Wotki'  U*ni«et'i  Hudbook,''  "The  PrActkil  Engineer!  Hiad. 
book,"  Ac.  FcAp,  ivOf  ncArlj  goa  pp.,  with  B  PUta  ASd  apwArdi  of  150  lUiu. 
tiAiivc  DiAgrAuu,  ilfao(Ly  boond  tot  workibop  or  pocket  wesr  and  teu .    0/O 

iii.  h..  ...»_!.>.  ..— »  — ^->— >.. '^~  nctawiefttw  *ai1tibop.  Ai  va 
ure.  ma  thJi  ri»  la  lb  u  Ihi 


BNQINEER'S    AND   MILLWRiaHT'S   ASSISTANT. 

A  Collection  of  U»eful  Tebles,  Ruin,  and  Daia.     By  WiLLIAH  TBHfLmTOH 
Eighth  Edition,  with  Additioni.     iSmo,  cloth 2/8 


CROSBY  LOCKWOOD  ^  SON'S  CATALOGUE. 


THB  MECHANICAL  BN0INEER*5  RBPBRBNCB  BOOK. 

For  Machine  and  BoOer  CoostnicdoQ.  la  Two  Parts.  Part  I.  GnnsAL 
Enginsbking  Data.  Part  II.  Boilbx  Constkuction.  With  51  Plates  and 
nomeroos  Illustrations.  By  Nblson  Folbt,  M.I.N. A.  Second  Edition, 
Revised  tlirooKhoot  and  much  Enlarged.    Folio,  baif>boand .    ^ict    J^  8s. 

PART  I.— Measures.— CiRCUMFBRBNCBS  and  areas,   Ac.   Squares,   cubes, 

FouBTH  Powers.— square  and  cube  Roots Surface  op  tubes.— reciprocals.— 

ijOCARrTHMS.  — Mensuration.  — SPECIFIC  gravitibs  and  Wbichts.— work  and 
POWER.- HEAT.— Combustion.— Expansion  and  contraction.— Expansion  of 
GASBS.—STBAM.— Static  Forces.— Gravitation  and  attraction.- Motion  and 
computation  of  Resulting  Forces.- accumulated  Work.— Centre  and  Radius 
of  Gyration.— Moment  of   inertia.— Cbntre  of   Oscillation.— ELECTRicmr.— 

STRENGTH    OF    MATERIALS.- ELASTICITY.— TEST    SHEETS    OF     MBTALS.— FRICTION.— 

transmission  of  power.- flow  of  liquids.— flow  of  gases.— alr  pumps,  surfacb 
condensers,  &c.— speed  of  stbamships.— propellers.— cutting  tools.— flanges. 
-.Copper  shebts  and  Tubes.— screwsl  nuts,  bolt  Heads,  &c.— Various  Recipes 
AMD  Miscellaneous  Matter.- With  DIAGRAMS  for  Valvb.Gbar,  Belting  and 
Ropes,  discharge  and  suction  pipes,  screw  propellers,  and  copper  pipes. 

PART  II.— Treating  of  Power  of  boilbbs.— Useful  Ratios.— Notes  on 
Construction.  —  cylindrical    boiler    shells.  —  Circular    furnaces.  —  Flat 

Plates.— Stays.  —  Girders Screws.  —  Hydrauuc      Tests.  —  Riveting.  —  Boilbr 

Sbtting.  chimneys,  and  mountings.— fubls.  &c.— examples  of  Boilers  and  speeds 
OP  steamships.— Nominal  and  Normal  Horse  power.- With  DIAGRAMS  for  all 
Boilbr  Calx:ulations  and  Drawings  op  many  varieties  op  boilers. 

"  Mr.  FOlajr  b  well  fitted  to  compile  such  a  woric  The  diagrams  are  a  gnat  fsetvie  o(  the 
work.  It  may  be  stated  that  Mr.  Foley  has  ptodnced  a  Tolume  which  win  undoubtedly  fiitfil  the 
desire  of  the  author  and  become  indispensable  to  all  mechanical  engineers."— itfSsWfw  Bngttuer, 

"  We  have  careAiDr  examined  this  work,  and  pronounce  it  a  most  excellent  reference  book 
for  the  use  of  marine  engineers.*- yimrMa/  f^jitturicmn  Soeitfy  «/Nttvai  Bnginurt, 

TEXT-BOOK  ON  THE  STEAM   ENGINE. 

With  a  Supplement  on  Gas  Engines  and  Part  II.  on  Hbat  Enginxs.  By 
T.  M.  GooDBVB,  M.A.,  Barrister-at-Law.  Professor  of  Mechanics  at  the  Royal 
CoUege  of  Science,  London  ;  Author  of  "The  Principles  of  Mechanics,"  "  The 
Elements  of  Mechanism,"  &c    Fotirteenth  Edition.    Crown  8vo,  cloth  .    6/0 

"  Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  whkh  will  bear  comparison 
with  anything  written  by  Huxley  or  Maxwdl,  and  we  can  award  It  no  higher  praise. "-^Bnginmr, 

"  Mr.  Goodeve's  text  .book  is  a  work  of  which  every  young  engineer  should  possess  himsdfl" 
-^  Mining  Journal. 

ON   OAS   ENGINES. 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.    By  T.  M. 

Goods VB,  M.A.    Crown  8vo,  cloth 52/6 

■'  Like  an  Mr.  Goodere's  writings,  the  present  Is  no  exception  In  point  of  general  esceOanoe. 
It  Is  a  valuable  Uttle  vohwie."— iArA^HMw/  Wtrtd. 

GAS    AND   OIL    ENGINE   MANAGEMENT. 

A  Practical  Guide  for  Users  and  Attendants,  being  Notes  on  Selection, 
Construction,  and  Management.  By  M.  Powis  Balb,  M.I  M.E.,  A.M.I.CE. 
Author  of  "  Woodworkiag  Machinery,"  &c.    Crown  8vo,  cloth  Ntt  3/6 

THE   GAS-ENGINE    HANDBOOK. 

A  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.  By  E.  W. 
Roberts,  M.E.   With  Forty  Fu]l*page  Engravings.  Small  Fcap.  8vo,  leather. 

Uti  8/6 

A  TREATISE   ON   5TEAM   BOILERS. 

Their  Strength,  Construction,  and  Economical  Working.  By  R.  Wilson,  C.  E. 
Fifth  Edition,    xamo,  cloth 6/0 

"  The  best  treatise  that  has  erer  been  published  on  steam  boilers."— i^ivf'Mwr. 

THE  MECHANICAL  ENGINEER'S  COMPANION. 

Of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  millimetres, 

auares,  cubes,  roots,  &c. ;  .Strength  of  BoIt5,  Weight  of  Iron,  &c  ;  Weights, 
easores,  and  other  Data.    Also  Practical  Rules  for  Engine  Proportions.    By 
R.  Edwabds,  M.lnst.C.E.     F.cap.  8vo,  cloth.  8/6 

"A  Teiy  useful  Uttle  Tohine.     It  contains  many  tables,  classified  data  and  manotaada 
generally  naaAil  to  ■ngineew."-^ng<»M»r. 

"Whatjl  profceses  to  be./a  haady  oOoe  conpanloo,' j^tag  la  a  ncolBCt  Imb  a  variety  of 


iafennatien  ftkAg  to  be  nqntaed  by  mechinical  aagnaen  fa  neir  everyday  oOoe  work."— ASB*<rc 


MECHANICAL  ENGINEERING,  &c. 


A    HANDBOOK  ON   THB  5TBAM   ENQINB. 

With  especial  Reference  to  Small  and  Mediam*siied  Ensinee.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steam  Power.  By  Herman  Haepbr,  C.E.  Translated  from  the  German 
with  additions  and  alterations,  by  H.  H.  P.  Powlks,  A.M.I.C.E.,  M.I.M.E. 
Third  Edition,  Revised.  With  nearly  x,ioo  Illustrations.  Urown  8vo, 
cloth Net    7/6 

**  A  perfect  encyclopaedia  ef  the  steam  engine  and  Its  details,  and  one  which  must  take  a  per- 
manent jwce  in  English  drawlnff -offices  and  workshops."—.^  Fornnan  PcMtm-tnaktr. 

"  This  is  an  excellent  book,  and  should  be  in  tne  hands  of  all  who  are  interested  In  the  con. 
stroctlon  and  design  oi  medium'«ised  stationary  engiiies.  ...  A  careful  study  of  its  contents  and 
the  arrsngement  of  the  sections  leads  to  the  conclusion  that  there  is  probably  no  other  book  like  It 
iu  this  country.  The  volume  aims  at  showing  the  results  of  practical  experience,  and  It  certainly 
may  claim  a  complete  achievement  of  this  idea."->A'aA<rv. 

"There  can  be  no  (Question  as  to  its  v.ilue.  We  cordially  commend  it  to  all  concerned  in  the 
iletign  and  construction  ot  the  steam  engine." — Mechanical  IVorUL 

BOILER  AND    FACTORY   CHIMNBY5. 

Their  Draught-Power  and  Stabilitv.  With  a  chiwter  on  Lightning  Conductors, 
By  RoBBRT  Wilson,  A.I.C.E.,  Author  of  "  A  Treatise  on  Steam  Boilers,"  &c. 

Crown  8vo,  cloth  8/6 

"  A  valuable  contribution  to  the  literature  of  scientific  buikUnis."— TAe  BuiUer, 

BOILER  MAKER'S  READY  RECKONER  &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths,  and  Riveters.  By  John  Courtney.  Edited  by  D.  K.  Clark, 
M.I.C.E.    Fourth  Edition,  480  pp.,  with  X40  Illustrations.     Fcap.  8vo,  half* 

bound 7/0 

"  No  workman  or  apprentice  should  be  without  this  book."— /rwM  Tradt  Circular. 

REFRIGERATION,  COLD    STORAGE,  &  ICE-MAKINQ: 

A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.  Bv  A.  J. 
Wallis-Taylbr,  A.M.Inst.C.E.,  Author  of"  Refrigerating  and  Ice-Making 
Machinery."  600  pp.,  with  360  Illustrations.   Medium  8vo,  cloth.   Net  16/0 

*'  The  author  has  to  be  congratulated  on  the  completion  and  production  of  such  an  Impor- 
tant work  and  it  cannot  fail  to  have  a  large  body  of  readers,  for  it  leaves  out  nothing  that  would  in 
any  way  be  of  value  to  those  interested  m  the  suhiect."—SttamsAi/. 

"  No  one  whose  duty  it  is  to  handle  the  mammoth  preserving  installations  of  these  latter  days 
can  afford  to  be  without  this  valuable  book."— ^last'ow  Htrald, 

THE  POCKET  BOOK  OF  REFRIGERATION  AND  ICE- 

MAKINO. 

By  A.  J.  Wallis-Tavler,  A.M.Inst.C.E.  Author  of  "  Refrigerating  and  Ice- 
making  Machinery,"  &c.    Third  Edition,  Enlarged.    Small  Crown  8vo,  cloth. 

ijust  Published.    Net  316 

REFRIQERATINQ   &   ICE-MAKINQ   MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  others.  By  A.  J.  Wallis-Taylbr, 
A.-M.  Inst.  CE.    Third  Edition,  Enlarged.    Crown  8vo,  cloth     .        .     7/6 

"  Practical,  explicit,  and  profusely  illustrated."— C/lojifvw  Htrald. 

"  We  recommend  the  book,  which  gives  the  cost  of  vsurious  systems  and  Uustradons  showing 
dctaUs  of  parts  of  machinery  and  general  arrangements  of  complete  installations."— ^M^iSoIrr'. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  tbe 
facts,  fisnires,  and  tabulated  physics  of  refrigerating.  It  Is  one  of  the  best  compilations  oa  the 
subject.  —£fV«n«f. 

ENQINEERINQ  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Estimates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By 
A  Gbnbral  Manager.  Second  Edition.  8vo,  cloth 12/0 

••  This  Is  an  excellent  and  very  useful  book,  covering  subject-matter  In  constant  requUtloa  In 
every  factory  and  workshop.  .  .  .  The  book  Is  Invaluable,  net  only  to  the  young  engtneer.  but 
also  to  the  estimate  department  of  every  wotka."-^Sitilder. 

"  We  accord  the  work  unquaUfied  praise.    The  Infonnatkm  Is  given  In  a  plain,  sttalghtforward 

r,  and  beats  throughout  evidence  of  the  Intimate  practical  acqudntance  of  the  audMt  with 

phase  of  commercial  engineering.  ".-JAcAaMtfoi/  f^^rUU 


6  CROSBY  LOCKWOOD  *  SON'S  CATALOGUE. 

THE   MECHANICAL  HANDLING  OP  MATERIAL. 

Being  a  Treatise  on  the  Handling  of  Material  such  as  Coal,  Ore,  Timber,  &c., 
by  Automatic  or  Semi-Automatic  Machinery,  together  with  the  Various 
Accessories  used  in  the  Manipulation  of  such  Plant,  and  Dealing  fully  with 
the  Handling,  Storing,  and  Warehousing  of  Grain.  By  Gborgb  Frederick 
kiMMERf  A.M. Inst. C.K.  528  pages  buper*Royal  Octavo,  cloth,  with  550 
IIIustratiun*>  (including  Numerous  Folding  Plates)  specially  prejiared  for  the 
Work.  (/!«/  Puiiishtd,    Net  25;0 

HOISTING    MACHINERY. 

An  Elementary  Treatise  on.  Including  the  Elements  of  Crane  Construction 
and  Descriptions  of  the  Various  Types  of  Cranes  in  Use.  By  Joskph 
Horner,  A.M.I.M.E.,  Author  of  '•Pattern-Making,"  and  other  AVorks. 
Crown  8vo,  with  215  Illustrations,  including  Folding  Piates,  cloth.     Net  7/6 

AERIAL  OR  WIRE- ROPE  TRAMWAY5. 

Their  Construction  and  Management.  By  A.  J.  Wallis-Tatlks,  A.M.  Intt.C.B. 

With  8x  IllustratioDft.    Crown  8vo,  cloth 7/6 

"An  excellent  Tolume.  m\\  a  Terr  good  exposition  of  the  Tarlousssrstenisof  rope  tnusmlsrion 
in  use,  and  glTes  as  well  not  a  little  valuable  infonnation  about  their  working,  repair,  and  manace- 
ment.    We  can  safely  reconunend  it  as  a  useful  general  treatise  on  tbe  subtect."— f  Mf«M«rr. 

MOTOR  CARS  OR  POWER-CARRIAGES  FOR  COMMON 

ROAD5. 

By  A.  J.  Wallis-Tavlbx,  A.M.Inst.C.E.    aia  pp.,  with  76  Illustrations. 

Crown  8vo,  cloth 4>/6 

"  A  work  that  an  engineer  thinking  of  turning  his  attention  to  motor<arriage  work,  would 
do  well  to  read  as  a  pieliimnary  to  startug  operatiMis."->£itf«M«m'fl!£> 

PLATING   AND   BOILER  MAKING. 

A  Practical  Handbook  for  Workshop  Operations.     By  Josbph  G.  Hoknsk, 

A.M.I.M.E.    380  pp.  with  338  Illustrations.    Crown  8vo,  cloth  .    7/6 

"  This  work  is  chaiacterised  bjr  that  erldence  of  dose  acqnaintance  with  worlcshop  mctixKls 
which  win  render  the  book  exceedmgly  accvptable  to  the  practical  hand.  We  have  no  hesatatiun 
in  conuiiending  the  work  as  a  s«r^-iceal>le  and  ptactlcal  handbook  on  a  subtect  which  has  not 
hitherto  received  much  attention  from  those  qualified  to  deal  with  It  in  a  satisfactory  manner.  "-> 
Mtchanieal  WtU, 

PATTERN    MAKING. 

Embracing  the  Main  Types  ot  Engineering  Constraction,  and  including 
Gearing,  Engine  Work,  Sheaves  and  PuUesrs,  Pipes  and  Columns,  Screws, 
Machine  Parts.  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and 
Greensand,  Weight  of  Castings,  &c  By  J.  G.  Hornbk,  A.M.I.M.E.  Third 
Edition,  Enlarged.    With  486  Illustrations.    Crown  8vo,  cloth.    .    Net  7/6 

"  A  wdl-written  technical  guide,  evidently  written  by  a  man  who  undenunds  and  has  piac- 
tised  what  he  has  written  about.  .  .  .  We  cordially  recommend  it  to  engineering  students,  young 
journeymen,  and  others  desirous  of  being  initiated  into  tbe  myseries  of  pattem-making."— ^MiMcr. 

"An  excellent  vad€  nucum  for  the  apprentice  who  dcabes  to  became  master  of  his  trade." 
—EngHsh  Meck»nU. 

MECHANICAL   ENGINEERING   TERMS 

(Lockwood's  Dictionary  oO*  Embracing  those  current  in  tbe  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  Com> 
prising  upwards  of  6,000  Definitions,  ^ited  by  J.  G.  Hokkbe,  A.M.I.M.E. 
Third  Edition,  Revised,  with  Additions.     Crown  8vo,  cloth  .        .    Net  TIB 

"Just  the  sort  of  hand^  dictionary  requbed  by  the  various  trades  engaged  In  mechanical  en- 
ftaieering.  The  practical  engmeering  pupO  will  find  the  book  of  great  value  mois  studies,  and  every 
foreman  engineer  and  mechanic  should  have  a  coiij."—BuiUliHf  Nems. 

TOOTHED   GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.  Hokmkk,  A.M.I.M.E. 

Second  Edition,  with  a  new  Chapter  on  Recent  Practice.    With  184  Illustra- 
tions.    Crown  8vo,  cloth.  \Juit  Published,        SIO 
"  We  give  the  book  our  unqualified  praiae  for  its  thoroughness  of  treatment,  and  recommend 
it  to  all  interested  as  the  most  practical  book  00  the  subject  yet  written."—  tttchmnicai  IVtrid, 

FIRES,    FIRE-ENGINES,    AND    FIRE    BRIGADES. 

With   a   History  <^  Fire-Engines,    their  Construction,  Use,  and  Managv- 

ment ;  Foreign  Fire  Systems ;    Hints  aa  Fire-Brigades,  ftc     By  C.  fTt. 

Young,  CE.    8vo,  doth 4(1  4^. 

**  To  such  of  oar  leaders  as  are  hatweated  In  the  Mibject  of  fees  and  fite  appaiatus  «« 
most  beaitily  commend  this  hook.'''~BngiHurittg, 
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ATRIAL  NAVIGATION. 

A  Practical  Handb->ok  on  the  Construction  of  Dirigible  Balloons,  Aerostats, 
Aeroplanes,  and  Aeromotors.  By  Frederick  Walker,  C.E  ,  Associate 
Member  of  the  Aeronautic  Institute.  With  104  Illustrations.  Large  Crown 
8vo,  cloth Net    7/6 

STONE-WORKING    MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  .\rrangement  and  Management  of  Stone  Works.  By  M.  Powis 
Balb,  M.I.M.E.     Second  Edition,  enlarged.     Crown  8vo,  cloth  9/0 

"  The  b<x>k  should  be  In  the  hands  of  vrtry  mason  or  student  of  stonework."— C#//iirry 
GuardiaH. 

"  A  capital  handbook  for  all  who  nanlpulate  stone  for  buUdlnc  or  ornamental  purposes."— 
Umchifury  Marktt. 

PUMPS   AND    PUMPING, 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction,  and 
Management.     By  M.   Powis  Balb,  M.I.M.E.    Fourth  Edition.     Crown 

8vo,  cloth 3/6 

"  The  matter  Is  set  forth  as  concisely  as  possible.  In  &ct,  condensation  rather  than  dliftise- 
nesfi  has  been  the  author's  aim  througfbout ;  yet  he  does  not  seem  to  hare  omitted  anything  llkdy  to 
be  of  use."— 70«r»«a/  oj  Gas  Lighting. 

"  Thcroughty  practical  and  clearly  written."— (7/aj^(;w  Htrald. 

MILLING    MACHINES   AND    PROCESSES. 

A  Practical  Treatise  on  Shaping  Metals  by  Rotary  Cutters.  Including 
Information  on  Making  and  Grinding  the  Cutters,  ^j  Paul  N.  Hasluck, 
Author  of ' '  Lathe-Work."  With  upwards  of  300  Engravings.  Large  crown  8vo, 
cloth 12/6 

"  a  new  departure  in  engineering  literature.  .  .  .  We  can  recommend  this  work  to  all  in- 
terested In  niillinsr  machines ;  It  is  what  It  professes  to  be— a  practical  treatise."— ^M^>M»r. 

"  A  capital  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  those 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  Its  adoption."— 
htdustrus. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  .An  of  Turning.    By  Paul  N.  Hasluck.      Eighth  Edition.   Crown  8vo, 

cloth 6/0 

"  Written  by  a  man  who  knows  not  only  how  work  ouffht  to  be  done,  but  who  also  knows  how 
to  do  It,  and  how  to  convey  his  knowladge  to  others.  To  all  tumeis  this  book  would  be  valttable."— 
Et^lintering. 

"  We  can  safely  recommend  the  work  to  youne  engineeis.    To  the  amateur  It  will  simply  be 
nTatuable.    To  the  student  it  wiU  convey  a  great  deal  of  useful  liakirmatioa."-~£ngif§Mr, 

SCREW-THREADS, 

And  Methods  of  Producing  Them.  With  numerous  Tables  and  complete 
Directions  for  using  Screw-Cutting  Lathes.  By  Paul  N.  Hasluck,  Author 
of  "  Lathe- Work,"  &c.     Sixth  Edition.    Waistcoat-pocket  size  .1/6 

FuU  of  useful  information,  hints  and  practical  criticism.    Taps,  dies,  and  screwing  tools 
Ibed."— /■ 


•• 


generally  are  illustrated  and  their  action  described."— Af<rcAa«»ica/  lV0rld. 

"  It  is  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lame ;  m  net,  a  iwimmm* 
in-^itrvo  on  all  the  subjects  it  treau  ni)Oti."'—CarptHter  and  BuUdtr. 

TABLES  AND  MEMORANDA  FOR  ENGINEERS, 

MECHANICS,  ARCHITBCTS,  BUILDBRS,  &c. 

Selected  and  Arranged  by  Francis  Smith.  Seventh  Eklition,  Revised,  including 
Elbctrical  Tables,  FoRMULiB,  and  Memoranda.  Waistcoat-pocket  size, 
limp  leather        ....*. 1/6 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  fbrmulse 
to  suit  ALL  engineers  as  It  would  be  to  make  a  universal  medicine ;  but  Mr.  Smith's  waistcoat- 
packet  collection  may  be  looked  upon  as  a  successful  attempt."— £rv^n«rr. 

"  The  best  example  we  have  ever  seen  of  S70  pages  of  useful  matter  packed  Into  the  dfanen- 
skMis  of  a  cBxd-caae."—SiMdiHg  Newt.  "  A  vemable  pocket  treasury  of  knowledge."— /rwn. 

POCKET  GLOSSARY  OF  TECHNICAL  TERMS. 

English-French,  French-English ;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.  By  John  Jambs 
Fletcher.    Third  Edition,  300  pp.    Waistcoat-pocket  size,  limp  leather    1  /6 

"  It  Is  a  very  great  advantage  for  readers  and  cottespondents  in  Fiance  and  England  to  have 
so  large  a  nudibcr  of  the  words  resting  to  engineering  and  manufactures  collected  m  a  UUpotian 
folnaaa.    The  little  book  wUl  be  usaAd  both  to  students  and  traveUets."— >itf  «vAitee<. 

"The  glossary  of  terms  Is  very  complete,  and  many  of  the  Tables  are  new  and  weS  arranged. 
We  coffdtally  commend  the  book.".Jtf^A«»M  W^«rtf . 
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THB    BNQINBER'S   YEAR  BOOK   FOR   1905. 

Comprising  Fonnula,  Rules,  Tables,  Data  and  Memoranda  in  Ciril,  Medianical, 
Electrical,  Marine  and  Mine  Eneineering.  By  H.  R.  Kxmfk,  A.M.  lasL  CK., 
M.I.E.E.,  Principal  Technical  Officer,  £ngineer>in-Chief' s  Office,  General  Post 
Office,  London,  Author  of  "A  Handbook  of  Electrical  Testing,"  '*Th« 
Electrical  Engineer's  Pocket-Book,"  &c.  With  z,ooo  Illustrations,  spedaUr 
Engraved  for  the  work.    Crown  8vo,  950  pp.,  leather.    [Just  PuJbHihta,    8/0 

"Ksmpa's  Year  Book  really  requires  no  commendarioii.    Its  sphere  of  usefulness  Is  widely 
known,  and  it  is  used  by  cntnneers  tbe  world  over.'  —riu  Jittinttr.  j 

"The  volume  is  distinctly  in  advance  of  most  suiiUr   pnbBctlons  la  this  oooutij."— 
Sngiiu*riHg. 

"  This  valuable  and  wdl-designed  book  of  uifcrenfn  aeeU  the  demands  of  all  iliw  il|Hkeii  of 
mof^*iet%,"—StUMrattjf  Htview. 

**  Teems  with  up-to-date  Infoimatloa  la  every  btanch  of  englneeilng  and 
BtMdinrNrms. 

**  The  needs  of  the  englneariag  piofeiiloo  could  hanSy  be  supplied  la  a  1 
comidete  and  convenient  form.    To  say  that  it  moie  than  sustains  all  compaiisoiis  is  pfslaaofflie 
highest  sort,  and  that  may  justly  be  said  oi\IL''—iitHin£  Toummi. 

*•  Then  is  certainly  room  for  the  new  coooer,  which  supplies  egplanatfams  aad  1 
weU  as  formulae  and  ubies.    It  deserves  to  become  one  of  the  most  successfiil  of  the 
•nnuals.  °  '—A  rehitut. 

"  Brings  together  with  great  skOl  all  the  technical  InfomatlaB  whkh  an  engineer  has  to  vm 
day  by  day.    It  b  hi  every  way  admliably  equipped,  and  Is  sure  to  prove  succesaroL'-^SesfteMii. 

"  The  up-to-datenaas  of  Mr.  Kempe's  compilation  Is  a  quattty  that  wID  not  be  lost  on  tb*  tmtf 
people  for  whom  the  work  Is  Intended."— ^ikr^vw  HtraUL 

THE    PORTABLE    ENGINE. 

A  Practical  Manual  00  its  Coostroction  and  Manafement.      For  tke  ate 

of  Owners  and  Users  of  Steam  Engines  generally.     By  William  Dtsok 

Wansbkough.    Crown  8vo,  cloth 8/6 

**  This  Is  a  work  of  value  to  thoae  who  use  steem  machinery.  .  .  .  Should  be  ned  by  every 
one  who  has  a  steam  engine,  on  a  form  or  elsewhere."— JtfbrA  Lttiu  Ba^rtst, 

IRON   AND   STEEU 

A  Work  for  the  Forge,  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Informaticm  for  Ironmasters  and  their  Stodc-taken: 
Managers  of  Bar^  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  aad  Metal 
Founders;  Iron  Ship  and  Bridge  Builders;  Mechanical,  Mining,  and  Coq> 
suiting  Engineers ;  Architects,  Onitractors,  Builders,  &c.  By  Chaklxs  Hoaib, 
Author  of  "The  Slide  Rule,"  &C.    Ninth  Edition,    same,  leather        .    6/0 

CONDENSED   MECHANICS. 

A  Selection  of  Formulse,  Rules.  Tables,  and  Data  for  the  Use  of  Engineering 
Studenu,  &c.    By  W.  G.  C.  Hughes,  A.M.I.CE.    Crown  8vo,  dqih  .    2/6 

"  The  book  is  wdl  fitted  for  those  who  are  preparing  for  eaamlnation  and  wish  to  refoash 
their  knowledge  by  going  through  their  formulae  again."— 'JtfiaHM<  Engvuttr. 


THE    SAFE    USE   OP   STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.    By  an  Enginbxk.    Eighth 

Edition.    Sewed 0e« 

"  If  steam-nsen  would  but  leam  this  Uttle  book  by  heart,  boiler  explosions  would  beoome 
sensations  by  their  rarity."— fiiv'i'A  Mechanic. 

THE    CARE   AND    MANAGEMENT   OF    STATIONARY 

ENQINBS. 

A  Practical  Handbook  for  Men-in-charge.  By  C.  Hoitsr.  Crown  8vo.  Ntt  1  /O 

THE  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.     By  Robskt  Wbatrvk* 
BUKN,  M.I.M.E.     With  Illustrations  and  Portraits  of  GsoRGsand  Robbbt 


Stbphxnson.    Crown  Bvo,  doth.  N^t   2/6 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway 


between  1803  and  1903.    By  Clbmbnt  E.  Stkktton,  CE.    Sixth  Edition, 
Revised  and  Enlarged.    Crown  8vo,  cloth      .....    N§t    4/6 

"  Students  of  railway  history  aad  all  who  are  interested  In  the  evohitlea  of  the 
locoowtlve  win  find  much  to  attract  and  enteitaln  hi  this  vohin^e."— Tikff  Titnt^. 


MECHANICAL    ENGINERRING,    &€. 


TOOLS  FOR  BNQINBBRS  AND  WOODWORKERS. 

A  Practioftl  Treatise  includins  Modern  Instruments  of  Meastirement.     By 

ioasrH  HoiwsR,  A.M. Inst. &f.E.,  Author  of  "Patttm  Making,"  "Hoiiting 
lachinery,"  ftc    Demy  Svo,  with  456  Illustrations. 

[JuttPubHshsd,    9!0ne/. 

MODERN    MACHINE   5H0P  T00L5. 

A  Practical  Treatise  describing  in  every  detail  the  Construction,  Operation 
and  Manipulation  of  both  Hana  and  Machine  Tools  ;  being  a  work  of  Practical 
Instruction  in  all  Classes  of  Machine  Shop  Practice,  including  Chapters  on 
Filing,  Fiitine  and  Scraping  Surfaces ;  on  Drills,  Reamers,  Taps  and  Dies ; 
the  Lathe  and  its  Tools  ;  Planers,  Shapers  and  their  Tools ;  Milling  Machines 
and  Cutters ;  Gear  Cutters  and  Gear  Cutting ;  Drilling  Machines^  and  Drill 
Work;  Grinding  Machines  and  their  Work;  Hardening  and  Tempering, 
Gearing,  Belting,  and  Transmission  Machinery;  Useful  Data  and  Tables. 
By  William  H.  Van  Dervoort,  M.E.  Fourth  Edition.  Illustrated  by  673 
Engravings  of  Latest  Tools  and  Methods,  all  of  which  are  fully  described. 
Medium  Svo,  cloth.  [Just  Puhlisked.    Net    21/0 

LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
MiCHABL  Reynolds,  formerly  Locomotive  Inspector,  L.  B.  &  S.  C.  R. 
Eleventh  Edition.  Inclnding  a  Kbv  to  tub  Locomotivb  Engine. 
Crown  8vo,  cloth 4/6 

"Mr.  Rmmolds  has  supplied  s  want,  and  has  rappHed  it  wdL  We  can  coofldentljr  ncom- 
flMod  the  booK  not  only  to  the  piacdcal  driver,  but  to  overyone  who  takes  aa  IntAiest  la  the 
perfoRuanoe  of  locomodTe  engines.  "—rA<  Snfinetr. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  Utentiue  of  the  day.  This  admirable 
practical  treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terras  of  warm  commendation." 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine-Boy.    Cranprising  a  Histarical  Notice  of  the  Pioneer 

Locomotive  Ei^nes  and  their  Inventors.    By  Michael  Reynolds.    Second 

Edition,  with  Revised  Appendix.    Crown  Svo,  cloth 4>/6 

"  We  should  be  glad  to  see  this  book  in  the  possession  of  ereryone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine."— ./rvM. 

CONTINUOUS  RAILWAY  BRAKE5. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom  : 

their  Construction  and  Performance.    By  M.  Reynolds.    Svo,  cloth        9/0 

"  A  popular  explanation  of  the  different  brakes.    It  will  be  of  great  asslstaace  fai  fomring 

public  opiiuon,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake."— .fiivAM 

AteekaMic, 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Mantial  for  Engineers  in  Charge  of  Stationary  Engines.    By 

Michael    Reynolds.      Sixth    Edition.      With     Plates    and     Woodcuts. 

Crown  Svo,  cloth 4/6 

"  The  author's  advice  on  the  various  pofaits  treated  is  clear  and  practicaL  "—£H^«M«n'iV' 
"Our  author  leaves  no  stone  unturned.    He  is  detennined  that  his  readers  shall  not  only 
know  something  about  the  sutionary  engine,  but  all  about  lt."—£mgiMetr. 

ENGINE-DRIVING  LIFE. 

Stirring  Adventtures  and  Incidents  in  the  Lives  of  Locomotive  Engine* 
Drivers.    By  Michael  Reynolds.    Third  Edition.    Crown  Svo,  cloth  .  1/6 

"  From  first  to  last  perfectly  fascinating.  Wilkie  CoUlns's  most  thrilling  conceptions  are 
thrown  Into  the  shade  by  true  biddenta,  endEsss  In  Uieir  variety,  related  in  every  page."— ATtfrf* 
BrMxh  MaiL 

THE  ENGINEMAN'5  POCKET  COMPANION, 

And  Practical  Educator  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 

By  Michael  Reynolds.    With  45  Illustrations  and  numerous  Diagrams. 

Fourth  Edition,  Revised.  Royal  xSmo,  strongly  hoond  for  pocket  wear.  8/6 
"  A  most  meritorious  work,  giving  bi  a  succinct  and  practical  form  all  the  Information  a  a 
engine4iiindcr  desirous  of  mastering  the  scientific  principles  of  his  daily  calUng  would  requixe.  '— 
■nUMilUr. 
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PIONEER   IRRIGATION. 

A  Manual  of  Information  for  Farmers  in  the  Colonies.  By  £.  O.  Mawson, 
M.Inst.C.E.,  Executive  Engineer,  Public  Works  Department,  Bombay.  With 
.Vddiiional  Chapters  on  Light  Railways  by  E.  R.  Calthrop,  M.Inst.C.E., 
M.I.M.E.    Illustrated  by  Numerous  Plates  and  Diagrams.    Demy  8vo,  cloth. 

[  Just  Published.    Net  1 0/6 
Summary  oh  Contekts:— Value  of  irrigation,  and  Sources  op  Water 
Supply.— Dams  and  wkirs.— Canals.— Undergkoi'nd  Water.— Methods  of  Irri- 
gation.—sewage  Irrigation.— IMPERIAL  automatic  Sluice  Gates.- The  Culti- 

\ATK)N    of    irrigated   CROPS.  VhGETABLES.  AND    FRUIT   TREES.— LIGHT    RAILWAYS 
FOR  HEAVY  TRAFFIC— USEFUL  MEMORANDA  AND  DATA. 

TUNNELLING. 

A  Practical  Treatise.  By  Charlss  Prelini,  C.E.  With  additions  by 
Charles  S.  Hill,  C.E.  with  150  Diagrams  and  Illustrations.  Royal  8yo, 
cloth Ktt  \  6/0 

PRACTICAL   TUNNELLING. 

Explaining  in  detail  SettingHMit  the  Works,  Shafk 'sinking,  and  Heading-driving, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbering 
and  the  Construction  of  the  Brickwork  of  Tunnels.  By  F.  W.  Simms, 
M.  Inst.  C.E.  Fourth  Edition.  Revised  and  Funher  Extended,  including  the 
most  recent  (1895)  Examples  of  Sub-agueous  and  other  Tunnels,  bv  D.  Kinnbar 
Clark,  M.  Inst.  C.E.  With  34  Foldmg  Plates.  Imperial  8vo,  cloth  £2  2s. 
'  The  present  (1896)  editloa  has  been  brougtic  risTht  up  to  date,  and  b  a  worie  to  •micb  dvil 


ensineen  should  hare  ready  access,  and  engineers  wno  have  conitniction  work  can  hardly  afford 
to  be  without,  but  which  to  the  younger  members  of  the  profession  i  \  invaluable,  as  from  its  pa 
they  can  learn  the  state  to  which  the  science  of  tunnelling  has  attained."— JCot/awy  AVws. 


THE  WATER  SUPPLY   OF  TOWNS   AND  THE  CON- 
STRUCTION OP  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
Bv  W.  K.  Burton,  A.M.Inst.C.E.^  Consulting  Engineer  to  the  Tdcyo 
water-worlu.  Second  Edition,  Revised  and  Extended.  With  numerous 
Plates  and  Illustrations.     Super-royal  8vo,  buckram.    ....    28/0 

I.  INTRODUCTORY.  —  II.  DlFFBRB^TT  QUALmBS  OF   WATER.  —  III.  gUAKTrTY  OF 

Water  to  br  provided.— IV.  On  ascertaining  whbthbr  a  Proposed  sourcb  of 

SUPPLY     IS    SUPFICIRNT.  — V.    ON    ESTIMATING    THE    STORAGB    CAPACITY    RBQUIRBD 

TO  BB  Provided.— VI.  Classification  of  watrr-works.— VII.  Impounding  rbsbk- 
voiRS- VIII.  Earthwork  Dams.— IX.  Masonry  Dams.— X.  Thb  Purification  of 
Water.— XI.  settling  Reservoirs,— XII.  Sand  Filtration.— XIII.  Purification 
of  Water  by  action  of  iron,  softrning  of  Water  by  action  of  Limb.  Natural 
Filtration.— XIV.  service  ok  Clean  Water  Reservoirs— Water  Towers— Stand 
Pipes.— XV.  The  conneci'iun  of  settling  Reservoirs,  Filter  Beds  and  Servicb 
Reservoirs.— XVI.  Pumping  Machinery.- XVII.  Flow  of  Water  in  CONOurr^- 
Pipes  and  Open  Channels.- XVIII.  Distribution  Systems.— XIX.  Special  Pro- 
visions for  the  extinction  of  Fire.— XX.  Pipes  for  Water-works.— XXI.  Pre- 
vention OF  Waste  of  water.— XXII.  Various  appliances  usbd  xm  Connbction 
wriH  Water-works. 

appendix  i.  by  prof.  john  milne.  f.r.s.— considerations  concerninc  thb 
Probable  Effects  of  Earthquakes  on  Water-works,  and  the  Special  Pre- 
cautions to  be  taken  in  Earthquake  Countries. 

APPENDIX  IL     By  JOHN   DE    RIJKE.  CE.— ON  SAND  DUNES  AND  DUNB  SAND  AS 

A  SOURCE  OF  Water  Supply. 

"  The  chapter  upon  filtration  of  water  is  very  comj^ete,  and  the  details  of  conatiuctioo  weD 
Uustiated.  .  .  .  The  work  should  be  specially  Taluable  to  civil  engineers  engaged  in  work  la 
Japan,  but  the  interest  is  by  no  means  conimed  to  that  locality."— £«viNe«r. 

"  we  congratulate  the  author  upon  the  practical  conunonsense  shown  In  the  preparation  o 
this  woric  .  .  .  The  plates  and  diagrams  have  evidently  been  pcepaced  with  greet  can,  and 
cannot  fail  to  be  of  great  assistance  to  the  student."— J9M'/rf«r. 

RURAL   WATER   SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Constmctioo  of  Water* 
works  for  small  Country  Districts.  By  Allan  Grbbnwbll,  A.M.I.CE., 
and  W.  T.  Curry,  A.M.I.C.K,  F.G.S.  With  Illustrations.  Second  Edition, 
Revised.     Crown  8vo,  cloth 6/0 

"Weconsciendousiy  reconunend  It  as  a  very  useful  book  for  those  concerned  la  obtaining 
water  for  small  (Ustricts,  giving  a  great  deal  of  practical  information  in  a  small  compass,  "-^ttildtr. 

"  The  volume  contains  valuable  information  upon  all  matters  connected  with  water  supply. 
,    .    .    It  is  full  of  details  on  points  which  are  continually  before  water-wwlM  engineen."— JVirtMns. 
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THE   WATER  SUPPLY   OP   CITIB5   AND   T0WN5. 

By  William  Hombbr.  A.  M.  Inst.  C.E.,  and  M.  Inst.  M.B.,  Anthor  of  "Cast 
and  Wrooi^ht  Iron  Bridge  Construction,"  &c.,  &c.  Illustrated  with  50  Double 
Plates,  I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  950  Woodcut>, 
and  containing  400   pp.   of  Text.      Imp.  4to,   elegantly    and    substantially 

half'bound  in  morocco J^ei  £6  6s. 

I.isr  Di-  I'uNir.Nis:— I.  Historical  SKETCH  ofsombofthb  uraks  that  havr 

BP.KN  ADOmrRU  KOk  iHB  SUPPLY  OF  WATBR  TO  CiTIHS  AND  TOWNS.— II.  WaTRR  AND 
THB  FORBICN  MATTBR  USUALLY  ASSOCIATBD  WITH  IT.— III.  RAINFALL  ANIJ  EVAPORA- 
TION.—IV.  SPRINGS  AND  THB  WATBR-BBARING  FORMATIONS  OF  VARIOUS  DISTRICTS. 
—V.  MBASURBMBNT  AND  ESTIMATION  OP  IHB  FLOW  OF  WATER.— VI.  ON  THB  SBLBCTION 
OF  THB  SOURCE  OP  SUPl'LY.— VII.  WELLS.— VIII.  RESERVOIRS.— IX.  THB  PURIFICATION 
OF  WATER.— X.  PUMPS.— XI.  PUMPING  MACHINERY.— XII.  CONDUITS.— XIII.  DlSTRIBU- 
TION  OF  WaTHR.— XIV.  MBTBRS,  SERVICE  PIPES.  AND  HOUSE  FITTINGS.— XV.  THE  L-AW 
AND  ECONOMY  OP  WATER-WORKS.— XVI.  CONSTANT  AND  INTERMITTENT  SUPPLY.— 
XVII.  DESCRIPTION  OP  PLATES.- APPENDICES.  GIVING  TABLES  OF  RATES  OF  SUPPLY, 
VBLOCITIBS,  &C.,  &C..  TOGETHER  WITH  SPECIFICATIONS  OF  SEVBRAL  WORKS  ILLUS- 
TRATED,    AMONG    WHICH    WILL    BE    FOUND  :      ABBRDRRN,    BIDBFORD.     CANTERBURY. 

Dunobb,  Halifax,  Lambeth,  rothbrham.  Dublin,  and  othbrs. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  In  English,  or 
in  any  other  language.  Mr.  H umber's  work  is  characterised  almost  throu^out  by  an 
exhauMveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 

THE  PROGRESS  OF  ENQINEERINQ  (1863-6). 

By  Wm.  HuMBBR,  A.M.Inst.C.E.  Complete  in  Four  Vols.  Containing  148 
Double  Plates,  with  Portraits  and  Copious  Descriptive  Letterpress.  Inipf.  410, 
half-morocco.  Price,  complete,  £1 2  1  Ss.  I  or  each  Volume  sold  separately 
at  £3  3a.  per  Volume.    Descriptive  List  of  Contents  on  application. 

HYDRAULIC  POWER  ENQINEERINQ. 

A  Practical  Manual  on  the  Concentration  and  Transmission  of  Power  by 
Hydraulic  Machinery.  By  G.  Croydon  Marks,  A.M.Inst.C.£.  With 
nearly  900  Illustrations.    8vo,  cloth.  Net  0/0 

Summary  of  contents:— Principles  of  hydraulics.— The  Flow  of  Water.— 
Hydraulic  Prbssurbs.— Material.— Tbst  Load.— Packings  for  Sliding  surfaces. 
—Pipe  joints.— Controlling  Valves.— platform  lifts.— workshop  and  Foundry 
Cranes.— WAREHOUSE  and  Dock  Cranbs.— Hydraulic  accumulators.— prhssbs 
FOR  Baling  and  othbr Purposes.— Sheet  Metal  working  and  Forging  Machinery. 
—Hydraulic  Rivetbrs.— hand  and  power  pumps.— Steam  Pumps.— Turbinbs.— 
IMPULSE  Turbines.— Reaction  Turbines.- Design  of  turbines  in  Detail.— Water 
wheels.— Hydraulic  Engines.— Rbcbnt  achibvbmbnts.— Pressure  of  Water.— 
action  of  pumps,  &c 

"  We  hare  nothing  but  praise  for  this  thoroughly  valuable  work.  The  author  has  succeeded 
in  rendering  his  subject  interesting  as  well  as  instructive."— /VsriVcia/  Engineer. 

"Can  be  unlMKitatingly  recommended  as  a  useful  and  up-to^late  manual  on  hydraulic  trans 
mission  and  utilisation  of  power."— Mec/tanica/  IVorU. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMULiC. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Wetrs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rain-fiall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Nbvillb,  C.E.,  M.R.I.A.  Tbmi  Edition,  revised,  with 
additions.  Numerous  Illustrations.  Crown  8vo,  cloth  ...  1 4/0 
"  It  is,  of  all  Englteh  books  on  the  subject,  the  one  neatest  to  completeness."— ^rMtoc/. 

HYDRAULIC   MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  in 
Hydraulic  Calculations  and  Field  Operations.  By  Lewis  D'A.  Jackson, 
Author  of  "Aid  to  Siurvey  Practice,"  "Modern  Metrology,"  &c  Fotirth 
Edition,  Enlarged.    Large  crown  8vo,  cloth  .....     1 6/0 

"The  author  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide 
to  this  bnnch  of  the  engineer's  pxotcsnasi."— Engineering. 

WATER   ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa* 

tion  of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 

ByCHARLSsSLAGG,A.M.lnst.C.£.  Second  Edition.  Crown  8vo,  cloth .    7/6 

"  As  a  small  practical  treadse  oa  the  water  supply  of  towns,  and  on  some  applications  of  wate  r- 

power,  the  work  is  in  many  respects  excellent."— ^fVWMirr»v* 


12         CROSBY  LOCKWOOD  S-  SON'S  CATALOGUE. 


THE  RECLAMATION  OP  LAND  PROM  TIDAL  WATERS. 

A  Handbook  for  Engincen,  Landed  Proprietors,  and  others  interested  in  Works 
of  Reclamation.    By  A.  Bkazblkv,  M.Inst.  CE.    8vo,  doth.     UTtt  10/6 

"  Tba  book  shows  In  a  condao  way  wbae  baa  to  be  dona  in  redaimfaif  land  (rom  tb«  sea.  and 
tha  beat  way  of  doing  It.  The  work  contains  a  great  deal  of  practical  and  useful  informadon  which 
cenaoC  fall  to  be  of  service  to  engincen  encrusted  with  the  enclosure  of  salt  maxshes,  and  to  land- 
owners intending  to  reclaim  land  from  the  sea."— TA/  Engxtuer. 

"  The  author  has  carried  out  bis  task  efficiently  and  well,  and  his  book  contains  a  laige 
amount  of  information  of  great  service  to  engineers  and  others  interested  in  works  of  reclamation." 

MA50NRY  DAMS  PROM  INCEPTION  TO  COMPLETION. 

Including  numerous  Formuls,  Forms  of  Specification  and  Tender,  Podcet 
Diagram  of  Forces,  &c.  For  the  use  of  Civil  and  Mining  Engineers.  Bj 
C.  F.  CoUKTNBV,  M.  Inst.  CE.    8vo,  cloth 9/0 

"  Contains  a  good  deal  of  valuable  data.  Many  useful  suggesdons  will  be  found  In  the 
remarks  on  site  ana  position,  location  of  dam,  foundations  and  construction.  "—/fMtfWMjP^  JWsm. 

RIVER   BARS. 

The  Causes  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 
Scour " ;  with  a  Description  of  the  Successful  Reduction  by  this  Method  of 
the  Bar  at  Dublin.  By  I.  J.  Mann,  Assist.  Eng.  to  the  Dublm  Port  and  Docks 
Board.    Royal  8vo,  cloth 7/6 

"  We  recommend  aO  Interasted  In  harbour  works  and.  Indeed,  those  coocemed  In  the 
impiovements  of  rivers  generally— to  read  Mr.  Mann's  Inteiesting  iKxk."—Bn£iitetr. 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System;  with  an  exhaustive 
Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power^  Steam, 
Cable  Traction,  Electric  Traction,  &c. ;  a  Description  of  the  Varieties  of 
Rolling  Stock ;  and  ample  Details  of  Cost  and  Working  Expenses.  New 
Edition,  Thoroughlj[  Revised,  and  Including  the  Progress  recently  made  in 
Tramway  Construction,  &c.,  &c.  By  D.  Rinnxax  Clark,  M.  InsL  C.B. 
With  400  Illustratioos.    8vo,  780  pp.,  buckram.  28/0 

"  The  new  volume  b  one  which  will  rank,  among  tramway  engineers  and  those  interested  In 
tramway  working,  with  the  Author's  world-funed  book  on  nilway  machinery."— rA«  Engitutr. 

SURVEYING  A5  PRACTISED  BY  CIVIL   ENGINEERS 

AND  5URVBYOR5. 

Including  the  Setting-out  of  Works  for  Construction  and  Surveys  Abroad,  with 
many  Examples  taken  from  Actual  Practice.  A  Handbook  for  use  in  the  Field 
and  the  Office,  intendttl  also  as  a  Text-book  for  Students.  By  John  Whitb- 
LAW,  Tun.,  A.M.  Inst.  C.E.,  Author  of  "  Points  and  Crossings.      With  about 

260  Illtistrations.    Demy  8vo,  cloth Net  1 0/6 

"  This  work  is  written  with  admirable  lucidity,  and  will  certainly  be  found  of  distinct  value 
both  to  students  and  to  those  engaged  in  actual  practice."— T/w  Butidtr. 

PRACTICAL   SURVEYING. 

A  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonies.  By  Gborgb  W.  Usill,  A.M.I.CE.  Eighth  Edition, 
thorough!]^  Revised  and  Enlarged,  by  Albx  Beazelev,  M.  Inst.  C.K. 
With  4  Lithographic  Plates  and  360  Illustrations.  ].^rge  crown  8vo,  7/0 
cloth;  or,  on  Thin  Papbr,  leather,  gilt  edges,  rounded  corners,  for  pocket  use 

\Just  Published.     12/6 

"  The  best  forms  of  instruments  an  described  as  to  their  constniction,  uses  and  modes 
of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  la 
his  expenenoe  as  sunreyor,  draughtsman  and  teacher,  has  found  neccanry,  and  which  the  atudant 
In  his  tnexpeiience  will  find  most  serviceable."— if f«,fww«r. 

"The  first  book  which  should  be  put  hi  the  hands  of  a  pupil  oi  Ovtt  Enginaatkig."— 

AID   TO   SURVEY   PRACTICE. 

For  Reference  in  Siurveying,  Levelling,  and  Setting«oat;  and  in  Route  Sur- 
veys of  Travellers  by  Land  and  Sea.  With  Tables,  lUnstratioDs,  and  Records. 
By  L.  D'A.  Jackson,  A. M.I.CE.     Second  Edition.     8vo,  cloth       .    12/6 


"  Mr.  Jackson  has  produced  a  Taluable  vadttmcum  for  the  surreyoc.    We  can 
tUs  book  as  cootafaimg  an  admirable  supplement  to  the  teaching  of  the  aocompUahed  sonragrvc"— 

*' The  aathor  brings  to  his  work  a  ibctnnste  union  of  tbeoiy  and  pnctkal  fxpeitanoe  wblch. 
sided  by  a  cleai  sad  load  style  of  writing,  lendeis  the  book  ft  fvsy  1 
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SURVEYING  WITH  THE  TACHEOMETER. 

A  practical  Manual  for  tha  nae  of  Civil  and  Military  Ennnaenand  Snrveynrs. 
Incloding  two  aeries^  of  Tables  specially  computed  for  the  Redaction  of 
Readings  in  Sexagesimal  amd  in  Centesimal  Degrees.  By  Nbil  Kxnnkdt, 
M.  Insc  C.E.  With  Diagrams  and  Plates.   Second  Edition.   Demy  8vo,  cloth. 

Uust  PubUshed,    Ntt  10/6 
"  The  work  is  very  clearly  written,  imd  should  remove  aO  difficulties  in  the  way  of  any  surveyor 
desirous  of  maldnir  use  of  this  useful  and  rapid  instrument."— Aismrc 

ENGINEER'S  &  MINING   SURVEYOR'S  FIELD  BOOK. 

Consisting  of  a  Series  of  Tables,  with  Rnles,  Explanations  of  Systems,  and 

tise  of  Theodolite  for  Traverse  Surveying  and  plotting  the  work  with  minute 

aocoracT  by  means  of  Straight  Edge  and  Set  Square  raly  ;  Levelling  with  the 

Theodolite,  Setting-oat  Curves  with  and  without  the  Theodolite,  Earthwork 

Tables,  ftc.     By  W.  Davis  Haskoll,  C.E.    With  nnmerous  Woodcuts. 

Fourth  Edition,  Enlarged.    Crown  8vo,  cloth 1 2/0 

"  Tbe  book  is  very  handy ;  the  separate  tables  of  sines  and  tangents  to  every  minute  wUnLike 
it  useful  for  many  other  purposes,  tlie  genuine  traverse  tables  eristing  aU  the  same."— yf  thevMrMM. 

LAND   AND   MARINE   SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railway ;  Canals, 
Rivers,  Towns'  Water  Supplies;  Docks  and  Harbours.  With  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E.  Second 
Edition,  Revised,  wiui  Additions.    Large  crown  8vo,  cloth  Q/O 

"  TUs  book  must  prove  of  great  value  to  the  student  We  have  no  hesitation  in  recon- 
mending  it,  feeling  assured  tliat  it  will  more  than  repay  a  careful  fltaAf"—Meeha$tical  WtrUL, 

"  A  most  usefiil  book  for  tbe  student.  We  can  strongly  recommend  it  as  a  carefuUy<written 
and  valuable  text-book.    It  enjoys  a  well-deserved  repute  among  surveyors."— ^ai^/Ucr. 

PRINCIPLES   AND   PRACTICE    OP    LEVELLING. 

Showing  its  Application  to  Purpoaes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads ;  with  Mr.  Telfokd's  Rules  for  the  same.  By 
Fkbdbxick  W.  Simms,  M.  Inst.  C.E.  Eighth  Edition,  with  Law's  Practical 
Examples  for  Setting-out  Railway  Ctirves,  and  Trautwinb's  Field  Practice 
of  Laying*out  Circcdar  Ctuves.  With  7  Plates  and  numerous  Woodcuts. 
8vo 8/6 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  collies."— jff*tf<rM«r. 

"  The  publishers  have  rendered  a  substantial  service  to  the  profiesrioa,  espediuly  to  the 
younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  worlc"— £»vita«(rta|f . 

AN    OUTLINE   OP   THE    METHOD   OP   CONDUCTING 

A   TRIQONOMBTRICAL  5URVBY. 

For  the  Formation  of  Gec«raphical  and  Topt^raphical  Maps  and  Plans,  MtU* 
tarr  Recoimaissanoe,  LEVELLING,  &c.,  with  Useful  Problems,  Formulae, 
and  Tables.  By  Lieut -General  Fromb,  R.E.  Fourth  Ekiition,  Revised  and 
partly  Re-written  by  Major-General  Sir  Charles  Warrbn,  G.C.M.G.,  R.E. 
With  19  Plates  and  Z15  Woodcuts,  royal  8vo,  cloth  ....  1 6/0 
"  No  words  of  praise  from  us  can  strengthen  the  posidon  to  well  and  to  steadily  tn«int»ip«<t 
by  this  worlc  Sir  Oiaries  Warren  has  revised  the  entire  work,  and  made  such  additions  as  — 
to  bring  every  portion  of  tlie  contents  up  to  tlie  present  date."— i/7np«uf  Arram. 


TABLES  OP  TANGENTIAL  ANGLES  AND  MULTIPLES. 

For  Setting'Out  Curves  from  5  to  aoo  Radius.  By  A.  Bbazblbt,  M.Inst.C.E. 
6th  Ediuon,  Revised.  With  an  Appendix  on  the  use  of  ibe  Tables  for 
Measuring  up  Curves.  Printed  on  50  Cards,  and  sold  in  a  cloth  box,  waistcoat- 
pocket  size 8/6 

"  Eachuble  is  printed  on  asmaU  card,  wbicli,  placed  on  the  theodolite,  leaves  the  hands  free 
to  manipulate  the  instrument— no  small  advantage  as  regards  the  rapidity  of  imadLT—Bnginur. 

'*  very  handy :  a  man  may  lenow  that  all  his  dav's  worlc  must  fall  on  two  of  these  cards,  which 
he  puts  IntQ  hb  own  card-case,  and  leaves  the  rest  behind."— ^M<»MnMH. 

HANDY   GENERAL   EARTH -WORK   TABLES. 

Giving  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  and 
Embankments  from  3  inches  to  80  feet  in  Depth  or  Height,  for  use  with  either 
66  ieet  Chain  or  100  feet  Chain.  By  J.  H.  Watson  Buck,  M.  Inat.  C£. 
On  a  Sheet  mooatad  Id  doth  caia 8/6 
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BARTHWORK   TABLB5. 

Showing  the  Coatents  in  Cubic  Yards  of  Kmhankments,  Cuttings,  ftc.,  of 
Hetdbts  or  Depths  up  to  an  average  of  Bo  feet.    By  Josbph  Broadbbmt,  C  E. , 

and  Francis  Uampim,  CE.    Crown  8vo,  doth 6/0 

"  The  way  In  whkh  accunuy  Is  attained,  bf  a  simple  <Uvlsion  of  each  ckmb  sectiao  into  three 
eloments,  two  in  which  ate  constant  and  one  variable,  is  ingenioiia."-^tJk«M«Mm. 

A   MANUAL   ON    EARTHWORK. 

By  AuBX.  J.  Graham,  CE.  With  numerous  Diagrams.  Second  Edition. 
iSmo,  cloth 2/6 

THE  CONSTRUCTION  OP  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay.    By  T.  H.  Watson  Bock,  M.  Inst.  C.K., 

Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  8vo,  doth  12/0 

"  Many  of  the  methods  ^ven  are  of  extreme  practical  valae  to  the  mason,  and  tbm 

tlons  on  the  lorm  of  aich.  the  rules  for  ordering  the  stone,  and  the  conatnictloo  of  the  t< 

win  be  fomid  of  considerable  use.     We  commend  the  book  to  the  engineering 

BiMdinfNtws. 

'*  Wm  be  regarded  by  civil  englneets  as  of  the  utmost  value,  and  calculated  to  seve  much 
time  and  obviate  many  mistakes."— C«/Mkfy  Gtt^rdiaH. 

CAST  &  WROUGHT   IRON    BRIDGE  CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  bduding  Iron  Foundations.  lo 
Three  Parts.— Theoretical,  Practical,  and  Descriptive.  By  William  Hombkr, 
A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.  Third  Eidition,  revised  and  much  im* 
proved,  vnth  1x5  Double  Plates  (so  of  which  now  first  appear  in  this  edition), 
and  numerous  Additions  to  the  Text.     In  a  vols.,  imp.  4to,  half-bound  in 

morocco £6  16a.  6d. 

"  a  verv  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  puuis,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the 
instructive  worth  of  those  {Uustrations.**— CfW/  EnJfineerand  ArckUetts  y«urruU, 

"Mr.  Humber's  sutely  volumes,  latdy  fisued— in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubttt, 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent 
engineers,  are  drawn  and  specified  in  great  detalL"— fnif^MMr. 

ESSAY  ON    OBLIQUE    BRIDGES 

(Practical  and  Theoretical).  With  13  large  Plates.  By  the  late  Gborgb 
Watson  Buck,  M.I.CE.  Fourth  Edition,  revised  b^  his  Son,  J.  H.  Watson 
Buck,  M.I.CE.  ;  and  with  the  addition  of  Description  to  Diamms  for 
Facilitating  the  Construction  of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.CE. 
Royal  8vo,  doth 1 2/0 

"  The  standard  text-book  for  aU  engineers  regarding  skew  arches  Is  Mr.  Bock's  tnadae, 
and  It  would  be  impossible  to  consult  a  better."— ^MLpiMMr. 

"  Mr.  Buck's  treatise  is  recognised  as  a  standard  text-book,  and  hb  treatment  has  divested 
the  subject  of  many  of  the  intricacies  supposed  to  belong  to  It.  As  a  guide  to  the  engineer  and 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpeased."-.Jwtf*nr  ^Wna*. 

THE   CONSTRUCTION   OP   OBLIQUE   ARCHES 

(A  Practical  Treatise  on).  By  John  Hart.  Third  Edition,  with  Plates. 
Imperial  8vo,  cloth 8/0 

GRAPHIC   AND    ANALYTIC    STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofr,  SoUd 
Girders,  Lattice,  Bowstring,  and  Suspension  Bridges,  Braced  Iron  Arches  and 
Piers,  and  other  Frameworks.  By  R.  Hudson  Graham,  C.£.  Containing 
Diagrams  and  Plates  to  Scale.  With  numerotis  Examples,  many  taken  from 
existing  Structures.  Specially  arranged  for  Class-work  in  Colleges  and 
Universities.    Second  Edition,  Revised  and  Enlarged.    8vo,  cloth  \  Q/Q 

"  Mr.  Graham's  book  will  find  a  place  wherever  graphfc:  and  analytic  statics  ate  used  or 
studied."—- J?fir>M«rr. 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  pcepaied 
with  much  care.  The  directions  for  working  are  ample,  and  are  iUustrated  by  an  abundance  <rf 
well-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman."— yfOoKtiww. 

WEIGHTS  OF  WROUGHT  IRON  &  STEEL  G1RDER5. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of  Wronsfat 
Iron  and  Steel  Girders.  &c,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.  Inst.  C.B.    On  a  Sheet S/O 
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QEOMETRY    FOR  TECHNICAL  STUDENTS. 

An  Introduction  to  Pure  and  Applied  Geometry  and  the  Mensuration  of 
Surfaces  and  Solids,  including  Problems  in  Plane  Geometry  useful  in  Drawing. 
By  E.  H.  Sprague,  A.M.I.C.E.    Crown  8vo,  cloth.  J^gt  1/0 

PRACTICAL  QEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic  Giving  Roles  for  the  Delineation 
and  Application  of  various  Geometrical  Lines,  Figures,  and  Carves.  By 
E.  W.  Takn,  M.A.,  Architect.    8vo,  cloth Q/Q 

"  No  book  with  the  sune  objects  in  view  has  erer  been  published  In  which  the  dearaess  of 
the  rules  laid  down  and  the  illustrative  diagrams  hare  been  so  satisiactory."— sSiMCr«fM». 

THE  GEOMETRY  OF  C0MPA55E5. 

Or.  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  Use  of 
Coloured  Diagrams  and  Symbols.  By  Ouvsk  Byknb.  Coloured  Plates. 
Crown  8vo,  cloth 8/8 

EXPERIMENTS    ON  THE    FLEXURE   OF   BEAMS. 

Resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling.  By  Albert 
£.  Guv.    Medium  Svo,  cloth .     Net  Q/0 

HANDY  BOOK  FOR  THE    CALCULATION  oP  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.    C<msistine  of  Formulas 

and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica« 

tion,    &c      By  William  Humbbr,  A.  M.  Inst.  C.E.,  &c.   Fifth    Edition. 

Crown  Svo,  with  nearly  xoo  Woodcuu  and  3  Plates,'  doth      .  .     7/6 

"  The  fonnulae  are  neatly  expressed,  and  the  diagrams  goo±"'-^ thenaum, 

"  We  heaitilf  commend  this  rsatty  Mandj  book  to  our  engineer  and  atchltact  leadeis."— 

Sfif^UsA  Mtekanic. 

TRUSSES   OP  WOOD  AND   IRON. 

Practical  Applications  of  Science  in  Determining  the  Stresses.  3reaking 
Weights,  Sate  Loads,  Scantlings,  and  Details  of  Construction.  Wiui  Complete 
Working  Drawings.    By  William  Griffiths,  Surveyor.    Oblong  8vo,  cloth. 

4/6 

"This  handy  little  book  enters  so  minutely  Into  every  detail  connected  with  the  con- 
stractloa  of  roof  trusses  that  no  student  need  be  ignorant  of  these  taaxten."— Practical  Enginetr, 

THE    STRAINS   ON    STRUCTURES    OF   IRONWORK. 

With  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Shbilds,  M.I.C.E. 
8vo,  cloth 6/0 

A  TREATISE  ON  THE  STRENGTH  OP  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges.  Railwavs,  &c.  By  Pbtkr  Baklow,  F.R.S.  A  new  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added,  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldv  ;  and 
Formulae  for  calculating  Girders,  &c.  Edited  by  Wm.  Humbbr,  A.M.I.C.E. 
Svo,  400  pp.,  with  19  Plates  and  numeroiu  Woodcuts,  cloth  .        .        .1 8/0 

"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank 
in  Aituie  as  it  has  hitherto  done,  as  the  standard  treatise  on  thtt  particular  subject."— ^MSfiteMr. 

SAFE   RAILWAY  WORKING. 

A  Treatise  on  Riulway  Accidents,  their  Cause  and  Prevention ;  with  a  De* 
sciiption  of  Modem  Appliances  and  Systems.  By  Clbmbnt  E.  Strbtton, 
C.E.    With    Illustrations  and   Coloured    Plates.     Third  Edition,  Enlarged. 

Crown  Svo,  cloth 3/6 

"A  book  for  the  engineer,  the  directors,  the  mana^rers;  and.  In  short,  all  who  wish  for 

information  on  raflway  matters  will  iind  a  perfect  encyclopjedia  in  'Safe  Railway  Working.'".- 

Railway  Review. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Keily,  C.E.,  late  of  the  Indian  Public  Works  Department.  Crown 
Svo,  cloth 8/6 

"  The  atm  the  antlior  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  aieCafilc  and 
other  structures.  Is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  wiikdi  the  engineer  or 
architect  can  find  but  little  reliable  and  comprehenslTe  dau  in  books."-^AfMfr. 
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ENGINEERING   STANDARDS  COM- 
MITTEE'S   PUBLICATIONS. 


iHE  Engineering  Standards  Committee  is  the  outcome  of  a 
Committee  appointed  by  the  Institution  of  Civil  Engineers  at  the  instance 
of  Sir  John  Wolfe  Barry,  K.C.B.,  to  inquire  into  the  advisability  of 
Standardising  Rolled  Iron  and  Steel  Sections. 

The  Committee  is  supported  by  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers,  the  Institution  of  Naval  Architects, 
the  Iron  and  Steel  Institute,  and  the  Institution  of  Electrical  Engineers  ; 
and  the  value  and  importance  of  its  labours  has  been  emphatically 
recognised  bv  His  Majesty's  Government,  who  have  made  a  liboral  grant 
from  the  Public  Funds  by  way  of  contribution  to  the  financial  resources  of 
the  Committee. 

The  subjects  already  dealt  with,  or  under  consideration  by  the 
Committee,  include  not  only  Rolled  Iron  and  Steel  Sections,  but  Tests 
for  Iron  and  Steel  Material  used  in  the  Construction  of  Ships  and  their 
Machinery,  Bridges  and  General  Buildmg  Construction,  Railway  Rolling 
Stock  Underframes,  Component  Parts  of  Locomotives,  Railway  and 
Tramway  Rails,  Electrical  Plant,  Insulating  Materials,  Screw  Threads  and 
Limit  Gauges.  Pipe  Flanges,  Cement,  &c. 

Reports  already  Published  : — 

1.  BRITISH  STANDARD  SECTIONS  (9  lists). 

Angles,  Equal  and  Unbqual.— Bulb  Ancles,  Tkbs    and    Platks.— 
Z  and  T  Bars.— Channels.— Beams.  iW/  I/O 

2.  BRITISH  STANDARD  TRAMWAY  RAILS  AND  FISH 

Pl.ATe5!  STANDARD  5HCTIONS  AND  SPECIFICATION. 

AV/21/0 

3.  REPORT  ON  THE  INFLUENCE  OF  GAUGE  LENGTH 

AND  5BCTION  OP  TB3T  BAR  ON  THE   PERCENTAOE   OF 
ELONGATION. 

By  Professor  W.  C.  Unwin,  F.R.S.  Nrt  2/6 

4.  PROPERTIES  OF  STANDARD  BEAMS. 

{Includtd  in  AV.  6.)  Net  1  /O 

6.  PROPERTIES  OF  BRITISH  STANDARD  SECTIONS. 

Diagrams,  Definitions,  Tables,  and  Formula.  Net  5/0 

7.  BRITISH  STANDARD  TABLES  FOR  COPPER  CON- 

DUCTORS AND  THICICNE55B5  OF  Dl- ELECTRIC.     Net  2/6 

8.  BRITISH  STANDARD  SPECIFICATION  FOR  TUBU- 

LAR TRAMWAY  POLES.  Net  6/0 

9.  BRITISH  STANDARD    SPECIFICATION   AND  SEC- 

TIONS  FOR  BULL-HEADED  RAILWAY  RAILS.       Net  10/6 

10.  BRITISH  STANDARD  TABLES  OF  PIPE  FLANGES. 

Net  2/6 

11.  BRITISH   STANDARD   SPECIFICATION    AND    SEC- 

TIONS OF  PLAT-BOTTOMED  RAILWAY  RAILS.       Net  10/6 

12.  BRITISH  STANDARD  SPECIFICATION   FOR  PORT- 

LAND CEMENT.  Net  2/6 

13.  BRITISH  STANDARD  SPECIFICATION  FOR  STRUC- 

TURAL STEEL  FOR  SHIPBUILDING.  Net  2/6 

14.  BRITISH  STANDARD  SPECIFICATION  FOR  STRUC- 

TURAL STEEL  FOR  MARINE  BOILERS.  Net  2/6 
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MARINE  ENGINEERING,  SHIPBUILDING, 

NAVIGATION,  ETC. 


MARINE    ENGINES  AND  BOILERS. 

Their  Design  and  Construction.  A  Handbook  for  the  Use  of  Students, 
Engineers,  and  Naval  Constructors.  Based  on  the  Work  "  Berechnung  und 
Konstruktion  der  Schiffsmaschiiien  end  Kessel,"  by  Dr.  G.  Bauer,  Engineer- 
in-Chief  of  the  Vulcan  Shipbuilding  Yard,  Stettin.  Translated  from  the  Second 
German  Edition  by  £.  Al.  Donkin,  and  S.  Bryan  Donkin,  A.M.I.C.E. 
Edited  by  Leslie  S.  Robertson,  Secretary  to  the  Engineering  Standards 
Committee,  M.I.C.E.,M.I.M.E.,  M.I.N.A.,&c.  With  numerous  Illustrations 
and  Tables.     Medium  8vo,  cloth.  i/utt  Published.     2Bh  i^et. 

Si'MMARY  OF  Contents  :— PAicT  L— MAIN  ENGINES.— Dbtrruination  of  cylin- 
der Dimensions.— The  Utilisation  op  Steam  in  the  Engine.— stroke  of  Piston. 
—number  of  revolutions.— turning  moment.— balancing  of  the  moving  parts, 
—arrangement  of  main  engines.— details  of  mai**  engines.— the  cylinder.— 
Valves.- Various  Kinds  of  Valve  Gear.-Pis70»»  Rods.— PiSTONi.— Connecting 
ROD  AND  CROb&HEAD.  —  Valve  Gear  rod«.-Bed  Plates.  —  Engine   c-^lumns,— 

REVER*-ING  AND  TURNING  GEAR.  PART  II.— PUMPS.— AlR,  ClRCUi  ATING  FEED,  AND 
AUXILIARY  PfMPS.    PART  III.-SHAFTING,  RMSISTANCF.  OF  SHIPS.  PROPELLER.S. 

— Thru«'T  Shaft  and  Thrust  block.— Tunnfl  shafts  and  »-lummer  Blocks.— 

SHAFTCOUPLINGS.- STFBN  Tl'BB.— THE  SrRl-W  PUOPPLLER.— CONS"  Rl'CTION  OF  THE 
SCREW.      PART    IV.-PIPES    AND    CONNECTIONS.-GENBRAL   REMARKS.    FLANGES, 

VALVES,  &c.— Under  Water  Fitiings.— Main  s>team.  auxiliary  sibam,  and 
EXHAUST  Piping  — ffbd  \ir  atbr.  Bilge,  ballast  and  Circulating  Pipes.  PART  v.— 
STEAM  BOILERS.— Firing  and  the  Generation  of  Steam.- cylindrical  isotiers. 
—  LOCOMOTIVE  Boilers. —  WATBR-TL'bB  Bon  brs.  —  Small  Tube  Watbr-Tubb 
Boilers.— Smoke  box.— funnel  and  Bon  er  Lagging.— Fns ted  Draught.— Boiler 
FiTTlNr.s  ANli  MOUNTINGS.    PART  VI.— MEASURING  INSTRUMENTS.    PART  VI I.— 

VARIOUS  DETAILS.— Bolts,  Nuts,  screw  thread<-,  &c.- platforms,  gratings, 
1.  ADDBR^.  —  Found  »tion!!.  —  Sbatings.  —  I-ubrication.  —  v^NTlLATION  OF  Engine 

ROOMS.-4IULES  FOR  spare  gear.    PART  VIII.— ADDITIONAL  TABLES. 

THB  NAVAL  ARCHITECTS  AND  SHIPBUILDER'S 

POCKET-BOOK 

Of  Formolae,  Rules,  and  Tables,  and  Marine  Engineer's  and  Snrrevor  s  Handy 
Book  of  Reference.  By  Clxmbnt  Mackrow,  M.I.N.A.  Eighth  Edition, 
carefully  Revised  and  Enlarged.    Fcap.,  leather  .        Net    \  QJi^ 

Summary  op  contents  :— signs  and  symbols.  Decimal  fractions.--Trigo- 
nometry.—Practical  Geometry.— Mensuration.— Centres  and  Moments  of 
Figures,  -moments  of  inertia  and  Radii  Gyration.— algebraical  expressions 
FOR  SIMPSON'S  Rules.— MECHANICAL  Principles.— Centre  of  Gravity.— Laws  of 
Motion. -Displacement.  Centre  of  Buoyancy.— Centre  of  Gravity  of  Ship's 
HULL.— Stability  Curves  and  Metacentres.— Sea  and  Shallow-water  Waves, 
—rolling  of  Ships.— propulsion  and  Resistance  of  vessels.— speed  Trials.— 
Sailing,  centre  of  Effort.— Distances  down  RrvERS.  coast  Lines.— steering  and 
rudders  of  Vessels.— Launching  Calculations  and  Velocities.— weight  of 
Material  and   Gear.  — Gun   Particulars   and   Weight.- standard  Gauges.— 

RIVETED  joints   AND    RTVBTING.— STRENGTH    AND     TESTS    OF    MATERIAI&— BINDING 

AND  Shearing  stresses.- strength  of  shafting.  Pillars,  wheels,  &c. — 
HYDRAULIC   Data,  Ac.  —  Conic    sections.    Catenarian   curves.  —  Mechanical 

powers,  work.— BOARD  OF  TRADE  REGULATIONS  FOR  BOILERS  AND  ENGINES.- BOARD 
OF  TRADE  REGULATIONS  FOR  SHIPS.— LLOYD'S  RULES  FOR  BOILERS.— LLOYD'S  WEIGHT 
OF  CHAINS.— LLOYD'S  SCANTLINGS  FOR  SHIPS.— DATA  OF  ENGINES  AND  VESSELS.- 
SHIPS'    FrmNGS   AND   TESTS.— SEASONING    PRESERVING   TIMBER.— MEASUREMENT   OF 

Timber.— ALLOYS,  Paints,  Varnishes.— Data  for  Stowage.— admiralty  Trans* 

PORT  REGULATIONS.- RULBS  FOR  HORSE-POWBR.  SCREW  PROPELLERS,  &C.— PER* 
CBNTAGES  FOR  BUTT  STRAPS.— PARTICULARS  OF  YACHTS.— MASTING  AND  RIGGING. 
-DISTANCES  OF  FOREIGN  PORTS.— TONNAGE  TABLES- VOCABULARY  OF  FRENCH  AND 
ENGLISH  TBRMS.— ENGLISH  WEIGHTS  AND  MEASURES.- FOREIGN  WEIGHTS  AND  MEA- 
SURES.—DECIMAL  EQUIVALENTS.- USEFUL  NUMBERS.— CIRCULAR  MEASURES.— ARBA9 
OF  AND  CIRCUMFERBNCBS  OF  CIRCLES.-  AREAS  OF  SEGMENTS  OF  CIRCLES.- TABLES 
OF  SQUARES  AND  CUBES  AND  ROOTS  OF  NUMBERS.— TABLES  OF  LOGARITHMS  OF  NUM- 
BERS.—TABLES  OF  HYPERBOLIC  LOGARmiMS.— TABLES  OF  NATURAL  SiNBS.  TANGENTS. 

-Tables  of  LOGARrrHMic  Sines.  Tangents,  &c 

"  In  these  davt  of  advanced  knowledie  a  w«rk  Uk«  tbla  Is  of  the  KTMtestTaliM.  Itcentalns 
■  vast  amount  of  Ini onnadon.  W«  unhwitanngly  say  that  it  ii  the  most  valuable  compilation  for  its 
specific  purpoae  that  has  ever  been  printed.  No  naval  aichltect,  engineer,  surveyor,  tftaman. 
wood  or  UOB  shipbuilder,  can  aflbid  to  be  without  this  watk.''—NautUmrM0gaMi$u, 

"  Should  be  used  by  all  who  are  vagtugvd  in  the  construction  or  design  of  vesteis.  .  .  .  WQl 
be  found  to  contain  the  aooet  useftil  tables  and  formulae  required  by  shipbuilaers,  collected  from  the 
best  authorities,  and  put  together  in  a  popular  and  simple  foim.    It  is  ef  exceptleaal  merit.''— 

"  A  pocket-book  of  this  description  must  be  a  necesaicy  In  the  Shipbuilding  tsade.  It  con- 
tains a  mass  of  useftil  Information  daaiiy  ezprassed  and  presented  In  a  handy  foim."— iieHbw 

Etigiftfer. 
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WANNAN'5  MARINE  ENQINEER'5  GUIDE 

To  Board  of  Trade  Exaumnacioas  tor  C«(tificacec  of  Compecency.  CfttitufaJng 
all  Latest  Qnestioiu  to  Date,  with  Simple,  Clear,  ana  Gon«ct  Solutions; 
y>9  Elementary  Quesuoos  with  Illustrated  Answers,  and  Verbal  Questions 
and  Answers;  compiete  Set  of  Drawings  with  Statements  completed.  By 
A.  C.  W  ANN  AN,  C.E.,  Consulting  Engineer,  and  E.  W.  I.  Wanman,  lii.I.M.E., 
Certificated  First  Class  Marine  Engineer.  With  numerons  Engxavincs.  TUitl 
Edition,  Enlarged.    500  pages.    Large  crown  8vo,  doth    .  UTet  1 0/6 

"  The  book  is  cleartv  and  plainly  wtttten  and  avoids  unnecMsarjr  eanlanations  and  focmulas, 
and  we  coaiider  it  a  Taluaote  book  for  studenu  of  nuruM  enginaacing."— A'laMAai/  Magmstiu. 

WANNAN'S  MARINE  ENQINEER'5  POCKET-BOOK. 

Containing  Latest  Board  of  Trade  Roles  and  Data  for  Marine  Engineers. 
By  A.  C.  Wannak.  Third  Edition,  Revised,  Enlarged,  and  Brought  up  to 
Date.    Square  i6mo,  with  thumb  Index,  leather 0/0 

"  There  is  a  great  deal  of  useful  infonnatton  in  this  little  poclceC>book.  It  is  of  the  nile.of> 
thumb  order,  and  is,  on  tliat  account,  well  adapted  10  the  uses  of  the  sea-going  eaginaer."— > 
Bngineer, 

THE  SHIPBUILDING   INDUSTRY  OF  GERMANY. 

Compiled  and  Edited  by  G.  Lbhmann-Fblskowski.  With  Coloured  Prints, 
Art  SupplemenUi  and  numerous  Illustrations  throughout  the  text.  Super* 
royal  4to,  cloth A^'^  10/6 

5BA  TERMS.   PHRA5B5.   AND  W0RD5 

fTechnical    Dictionary  of)   oaed   in    the    Bngiiali   and    French    Lannagw 

cEnglish'French^  French-Englishl     For  the  Use  of  Seamen,  Engineers,  Pilocs, 

Shipbuildera^  Shipowners,  and  Sciip-hrokers.    Compiled  by  W.  Pirbxb,  late  of 

the  African  Steamship  Company.     Fcap.  8vo,  cloth  limp  .    Q/O 

"  This  Toluaie  will  be  nighly  appredated  by  seaman,  anglnean,  pilots.  sUpbolldefB  and  sU^ 
ownan.    It  will  be  found  woadanulijr  accuiate  and  complece.'  -—SevttimaH. 

MARINE  ENQINEER'5  POCKET-BOOK. 

Consisting  of  useful  Tables  and  Formule.    By  Frakk.  Psoctos,  A. I.N. A. 

Third  Eldition.    Royal  3amo,  leather 4>/0 

"  We  raconunend  It  to  ouf  leadsn  as  gomg  ftar  to  lapphr  a  long-fait 
'  A  moat  tisaiol  companion  to  all  mafine  angineen."— f/WAurf 
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ELEMENTARY  MARINE  ENQINEERINQ. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  By  J.  S.  Bxbwbk. 
Crown  8vo,  cloth 1/0 

PRACTICAL  NAVIGATION. 

Consisting  of  The  Sailor's  Ska-Book,  by  J.  Gkkknwood  and  W.  H. 
RossKR  ;  with  Mathematical  and  Nautical  Tables  for  Working  the  Problems, 
by  H.  Law,  C.E.,  and  Professor  J.  R.  Young,    tamo,  half-bound  7/0 

THE  ART  AND  5CIENCE  OF  5AILMAKING. 

By  Samuel  B.  Saolkr,  Practical  Sailmaker,  late  in  the  employment  of 
Messrs.  Ratsey  and  Lapthome,  of  Cowes  and  Gosport.     Plates.    410,  doth. 

12/6 

"  This  aztramely  practical  wtuk  gives  a  complete  education  la  all  the  biaachaa  of  the  maau. 
factuie,  cutting  out.  roprag,  seaming.  and_goring.    It  Is  copious^  Ittusvued,  and  will  foan  a  ' — 
imte  teat<book  and  gvida.'^P«rtsmeiah  itmut. 

CHAIN  CABLES  AND  CHAIN5. 

Comprising  Sixes  and  Curves  of  Links,  Studs,  ftc.  Iron  for  Cables  and , 

Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links.  Strength  dt 
Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  ^^^hain 
Cables  and  Chains,  Historical  Notes,  Acu  of  Parliament,  Statuton^  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables.  &c,  ftc.  By 
Thomas  W.  Traill,  F.E.R.N.,  M.lnst.CE.,  Engineer-Surveyor-m-Chief, 
Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  W-««Kii«»^m»pf^ 
and  General  Supenntendent,  Lloyd's  Committee  00  Proving  EsraMishmfnri. 
\|^th  numerous  Tables,  Illustrations,  and  Lithogr^>hic  Drawings.  FoUoi 
c»«h gK2  2a. 


It  coatatau  a  vast  aaaoont  of  vafaiabla  tafcnnatloa.    Nothing  iismi  to  be  wanting  to  auka  It 
piece  and  staadard  woric  of  wfaaaaca  oa  the  subJeGt."— AieMKM/  MmgUM^ti, 
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MINING,    METALLURGY,    AND 
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THE    OIL    FIELDS  OF    RUSSIA   AND   THE    RUSSIAN 

PETROLbUM   INDUSTRY. 

A  Pzactical  Handbook  oa  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Orisin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  RussLin  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.I.M.E.,  late  Chief  Engineer  and  Manager  of 
the  European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp. 
With  numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the 
Balakhany*Saboontchy-Romany  Oil  Field.    Super-royal  8vo,  cloth. 

{Just  Pudiished.    Net  £3  3a. 

MACHINERY  FOR  METALLIFEROUS  MiNE5. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 

Mines.     By  E.  Henry  Davibs,  M.E.,  F.G.S.    600  pp.    With  Folding  Plates 

and  other  Illustrations.    Medium  8vo,  cloth        ....      Net  28/0 

"  Deals  exhaustively  with  the  many  and  complex  details  which  g^o  to  make  up  the  sum  total  of 
machinery  and  other  requirements  for  the  successful  workini;  of  metalliferous  mines,  and  as  a  book 
of  ready  reference  is  of  the  hii^hest  value  to  mine  managers  and  directors." — Alining  yournal. 

THE  DEEP  LEVEL  MINES  OF  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commeicial  Point  of  View. 
By  G.  A.  Denny  (of  Johannesburg).  M.N.E.I.M.E.,  Consulting  Engineer  to 
the  General  Mining  and  Finance  L^rporatioa,  Ltd.,  of  London,  iierlin,  Paris, 
and  Johannesburg.     Fully  Illustrated  with   Diagrams  and  Folding  Plates. 

Royal  8vo,  buckram Net  2fl/0 

"Mr.  Denny  by  cunAning  biranelf  to  the  consideration  of  the  future  of  the  deep-level  mines 
of  the  Rand  brea!k&  new  ground,  and  by  deafing  with  the  subject  rather  from  a  commercial  stand- 
point than  Ar<im  a  scientinc  one,  appeals  10  a  wide  circle  of  leadexs.  The  book  cannot' laU  to  prove 
of  very  great  value  to  investors  in  South  African  mines."— J/tntMif  youmai, 

PROSPECTING   FOR  GOLD. 

A  Handbook  of  Practical  Information  and  Hints  for  Prospectors  based  on 
Personal  Experience.  By  DaniblI.  Rankin,  F.R.S.G.S  ,  M.R.A  S  ,  formerly 
Manager  of  the  Central  African  0>mpany,  and  Leader  of  African  Gold  Pros- 
pecting Elxpeditions.    With  Illtistrations  specially  Drawn  and  Engraved  for 

the  Work.     Fcap.  8vo,  leather Net  7/6 

"  This  well-compiled  book  contains  a  collection  of  the  richest  gems  of  useful  knowledge  for 

the  prospector  s  twneiit.    A  special  table  \%  given  to  accelerate  the  spotting  at  a  glance  of  minerals 

assocuted  with  gold."— Aftii»v  youmai, 

THE  METALLURGY  OF  GOLD. 

A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-bearing  Ores. 

Including  the  Assaying,  Melting,  and  Refining  of  Gold.     By  M.  Eisslbr, 

M.  Inst.  M.M.    Fifth  Edition,  Enlarged.    With   over  300  Illustrations  and 

numerous  Folding  Plates.    Medium  8vo,  cloth        ....    Net  21/0 

"  This  buoK  thofuugniy  aeaerves  tt&  ntie  ot  a  *  Practical  Treatise.'    The  whole  procewotgold 

mining,  from  the  breaking  of  the  quaru  to  the  assay  of  the  bullion,  is  described  bi  dear  and  oraeily 

narrative  and  with  much,  but  not  too  much,  fulness  of  detail  "~%^a/wra«r)r  Revuw. 

THE  CYANIDE  PR0CE55  OF  GOLD  EXTRACTION. 

And  Its  Practical  Application  on  the  Witwatersrand  Gold  Fields  and  elsewhere. 
By  M.  EissLSi^  M.  Inst.  M.M.  With  Diagrams  and  Workmg  Drawmgs. 
Thiid  Edition,  Revised  and  Enlarged.   8vo,cloch     ....    Net^jQ 

"  This  book  is  iu»t  what  wsh  neeaea  to  acquaint  mlnmg  men  with  the  actual  workmg  of  a 
process  wiuch  u  not  only  the  most  popular,  but  £^  as  a  general  rule,  the  most  succawftil  tor  the 
estncnon  01  gold  from  tailings."- Aftm^v  yourruU. 

DIAMOND  DRILLING  FOR  GOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modem  Diamond  Core  Drills  in  Pro- 
specting and  Exploiting  Mineral-Bearing  Propertiea,  inciudmg  Particulars  of 
the  Costs  of  Apparatus  and  Working.  By  G.  A.  Dbnnv,  M.N.E.  Inst.  M.E., 
M  Inst.  M.M.  Medium  8vo,  168  pp.,  with  Illustrative  Diagrams  .  12/8 
"  There  is  certainly  scope  for  ■  work  on  diamond  drilttng,  and  Mr.  Denny  deserves  grateAU 
recognition  for  supplying  a  decided  warn."— ififfuv  y^tumaL 

B  8 
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GOLD   ASSAYING. 

A  Practical  Handbook,  giving  the  Modus  Operandi  for  the  Accurate  Assay  of 
Auriferous  Ores  and  Bullion,  and  the  Chemical  Tests  required  in  the  Processes 
of  Extraction  by  Amal^zamation,  Cyanidation,  and  Chlorination.  With  an 
Appendix  of  Tables  and  Statistirs.  By  H.  Joshua  Phillips.  F.I.C,  F.C.S.. 
Assoc.Inst.C.E.,  Author  of  **  Engineering  Chemistry,"  etc.  With  NumeroQ<k 
Illustraiions.    Large  Crown  8vo,  cloth.  \Jvst  Published^    Net  7/C 

FIELD  TESTING  FOR  GOLD  AND  SILVER. 

A  Practical  Manual  for  Prosp<^tors  and  Miners.  By  W.  H.  Mkrkitt, 
M.N.E.  Inst.  M.E.,  A.R.S.M.,  &c.    With  Photographic  Plates  and  other 

Illustrations.      Fcap.  8vo,  leather Ntt    5/0 

"  As  an  instructor  of  prospectors*  classes  Mr.  Menltt  has  the  advantagfia  of  knowing 
exactly  the  information  likely  to  be  most  raluable  to  the  miner  in  the  field.  The  contents  cover 
all  the  details  of  Mimplitifi:  and  testing  ffold  and  silver  ores.  A  useful  additioa  to  a  prospector's 
kit."— J/mtM^  yournaL 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal- Bearing  or  other 
Valuable  Minerals.  By  J.  W.  Andbrson,  M.A.  (Camb.),  F.R.G.S.  Tenth 
Edition.     Small  crown  8vo,  3/6  cloth  ;  or,  leather        ....    4/6 

"  Win  supply  a  mucb'felt  want,  aspedaDv  among  Colonists,  In  wlioae  way  are  so  often  thnnni 
many  mineralogKal  specimens  the  ralue  of  which  h  is  difficult  to  detcnnlna."— f^fiffMcr. 

"  How  to  find  commercial  mineials,  and  how  to  Identify  them  when  they  are  found,  aie  the 
eadlng  points  to  wUch  attention  is  directed.  "—Uittting  Jnarmmk 

THE  METALLURGY  OF  SILVER. 

A  Practical  Treatise  onx  the  Amalgainati<Mi,  Roasting,  and  Lixiviation  of  Silver 
Ores.  Including  the  Assaving,  Melting,  and  Refining  of  Sih'er  Bullion.  By 
M.  EissLBR,  M.  Inst.  M.M.    Third  Edition.    Crown  8vo,  doch        .     10/6 

**  A  practical  treatise,  and  a  technical  work  which  we  aie  convinced  wO  supply  a  lonf-felt 
want  amongst  practical  men,  and  at  the  same  time  be  of  vahie  to  students  and  ottUMS  faM&iectly 
connected  with  the  industries."— ^t^m'Nf^  y^umeU, 

THE  HYDRO-METALLURGY  OF  COPPER. 

Being  an  Account  of  Processes  Adopted  in  the  Hydro*MetalIargical  Treat- 
ment of  Cupriferous  Ores,  Including  the  Manufacture  of  Copper  Vitriol,  with 
Chapters  on  the  Sources  of  Supply  of  Copper  and  the  Roasting  of  Copper  Ores. 
By  M.  EissLEB,  M.  Inst.  M.M.    8vo,  cloth        ....        iV'/tS/d 

"  In  this  volume  the  various  processes  for  the  extraction  of  copper  by  wet  methods  are  fully 
detailed.  Costs  are  ?ivcn  wbm  available,  and  a  g^eat  deal  of  useful  infonnatt  ^n  about  the  copper 
industry  of  the  world  is  presented  m  an  interesiins:  and  attractive  manner."— Jl/miMf  ymtmal. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modem  Smelting  Furnaces  and  Plants  in  Europe  and  America. 
By  M.  EissLBK,  M.  Inst.  M.M.  Crown  8vo,  cloth  ....  12/6 
"  The  numerous  metatturgical  processes,  which  are  fully  and  extensirely  treated  oC  cmbface 

all  the  stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  Its  Issna  from 

the  refinery  as  an  article  of  commerce.  —/VocMca/  Engittetr. 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D.  C.  Davibs,  F.G.S.  Sixth  Edition,  thoroughly  Revised  and  mud> 
Enlarged  by  his  Son,  £.  Hbnrv  Davibs,  M.E.,  F.G.S.    6oo  pp.,  with  173 

Illustrations.    Large  crown  8vo,  cloth N*t  1 2/6 

"  Neither  the  practical  miner  nor  the  general  reader.  Interested  in  mines,  can  have  a  better 
book  for  his  companion  and  his  guide."— J/iniiv'  yourtuu. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davibs,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.  Third 
Edition,  Revised  and  Enlarged  by  his  Son,  E.  Hbnkt  Davibs,  M.E.,  F.G.S. 

With  about  100  Illustrations.    Crown  8vo,  cloth 1 2/6 

"  We  do  not  remember  to  have  met  with  any  English  work  on  miuhig  mattan  that  contains 
the  same  amount  of  taifonnatioa  packed  in  equally  convenient  lorq^"— ^ceArw^. 


BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Foture 
Prospects  of  Metalliferous  Mines  in  the  United  Kingdom.  By  Robbkt 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Recordft.  Uploads  of  050  pp.,  with 
•30  lUustratioDs.   Second  Editioui  Revised.   Saper«royal  8vO|  doca   mSt  2ft» 
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POCKBT-BOOK  FOR  MINBR5  AND  MBTALLUROI5T5. 

Comprising  Rules,  FormalsB,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.    By.F.  Danvbrs  Po\vsr,  F.G.S.,  M.E.     Second  Edition,  Corrected. 

Fcap.  8vo,  leather 9/0 

"  Thte  excellent  book  Is  an  admirable  example  of  its  kind,  and  oufjfht  to  find  a  aige  sale 
amongst  English-speaking  prospectors  and  mining  9apnetx%."—SMfftH€ering. 

THE  MINER'5  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Minine 
Operacions,  Ore  Dressing,  &c  For  the  Use  of  Students  and  others  interested 
in  Mining  Matters.  Compiled  by  John  Milnb,  F.R.S.,  Professor  of  Mining 
in  the  Imperial  University  of  Japan.  Third  Edition.  Fcap.  8vo,  leather      7/6 

"  Professor  Milne's  handbook  is  sure  to  be  recelTed  with  Carour  by  all  connected  with 
mining,  and  will  be  extremely  popular  among  students^"— ^iA^furwrn. 

IRON  ORBS  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kbndall,  F.G.S.,  Mining  Engineer.    Crown  8vo,  cloth    .  16/0 

MINE  DRAINAGE. 

.\    Complete    Practical    Treatise    on    Direct-Acting    Underground   Steam 

Pumping  Machinery.    By  Stbphbn  Michblu    Second  Eldition,  Re-written 

and  Enlarged.    With  950  Illustrations.    Royal  8vo,  cloth  A>/  26/0 

HORIZONTAL  PUMPING  ENGINES.— ROTARY    AND   NON-ROTARV    HORIZONTAL 

EnOINBS.— Simple  AND  COMPOUND  STBAM  PUMPS.— VERTICAL  PUMPING  ENGINES.— 

ROTARY    AND     NON-ROTARY     VBRTICAL    ENGINBS.— SIMPLE    AND   COMPOUND     STBAM 

PUMPS.  —  Triple-Expansion   Steam   Pumps.  —  Pulsating  Steam  pumps.  —  Pump 
Valves.— Sinking  pumps,  &c.,  &c. 

"This  volume  contains  an  immense  amount  of  Impoitant  and  Interesting  new  matter. 
The  book  should  undoubtedly  prove  of  great  use  to  all  who  wish  for  infonnatlon  on  the  sub- 
ject."—7**  Engineer. 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Minins  Engineer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A.M.I.M.E., 
.\ssociate  of  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Deportment,  Yorkshire  College,  Victoria 
University ;  and  Hbrbkrt  Pbrkin,  M.I.M.E.,  Certificated  Colliery  Manager, 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.    With  about  170  Illustrations.    Medium'Svo,  cloth. 

Net  9/0 

(For  Summary  op  Contents,  see  pa^fe  23.) 

THE  COLLIERY  MANAQER'5  HANDBOOK. 

K  Comprehensive  Treatise  on  the  La3nng«oat  and  Working  of  Collieries, 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal- 
Mining  Students  preparing  for  First-class  Certificates.  By  Caleb  Pamblv, 
Mining  Engineer  and  Surveyxir ;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers ;  and  Member  of  the  South  Wales  Institute 
of  Mining  Engineers.  With  over  1,000  Diagrams,  Plans,  and  other  Illustra- 
tions. Fifth  Edition,  Carefully  Revised  and  Greatly  Enlarged.  1,3c  o  pp. 
Medium  8vo,  cloth.  \Jtut  PublUked.    Net    £1   6s. 

Gbology — Search  for  Coal.--Minbral  lbasbs  and  other  holdings.— 
Shaft  Sinking.— Fitting  Up  thb  Shaft  and  Surfacb  arrangbmbni-s.— Stbam 
Boilers  and  their  Fittings.— Timbering  and  walling.- Narrow  work  and 
Methods  of  working.  —  Underground  Convbyancb.  —  Drainage.- Thb  Gasbs 
MET  with  in  Mines  s  Ventilation.  —  on  thb  Friction  of  air  in  Mines.  —  The 
Priestman  Oil  Engine;  petrolbum  and  Natural  Gas.  —  Survbying  and 
Planning.— Safety  Lamps  and  Firedamp  Detbctors.— sundry  and  Incidental 
operations  and  appliancbs.— Collibry  Explosions.— Miscbllanbous  questions 
AND  answers.— ^/^mdifv;  Summary  op  Report  op  H.M.  Commissioners  on 
accidents  in  Minbs. 

"  Mr.  Pamely's  work  is  eminently  luited  to  the  purpose  for  whkh  it  is  intended,  beine  clear, 
Interesting,  exbausthre,  rich  In  detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines  in 
every  department.  A  mining  engineer  could  scarcely  go  wrong  who  followed  this  woric"— Coi7<rr^ 
Guardian. 

"  Mr.  Pamdy  has  not  only  gtven  us  a  comprehensive  relerance  book  of  a  very  high  order 
mttable  to  the  requirements  of  nunlng  engineers  and  colliery  managers,  but  has  ano  provided 
mining  students  with  a  class-book  that  b  as  mteresting  as  it  is  instructive."— Coi/^kfy  Manager. 

"This  Is  the  most  comptote  'all-roond'  work  on  coal-mtaiing  pubUdied  in  the  EngHah 
Unguage.  ...  No  library  of  coal-mlning  books  Is  complfate  wWhout  tL"— C«M<rry  BngGmtr 
(Scnmton,  Pa.,  U.S.A.). 
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PRACTICAL  COAL-MININQ. 

An  Elementary  ClasS'Brok  for  the  Use  of  Students  attendine  Classes  in  Pre- 
paration for  the  Board  of  Education  and  County  Council  Examinations,  w 
Qualifying  for  First  or  Second  Class  Colliery  Managers'  f  ertificates.  By 
T.  H.  CocKiN,  Member  of  the  Institution  of  Mining  Engineers,  <  ertificated 
Colliery  Manager,  Lecturer  on  Coal-Mining  at  Sheffield^  University  ollege. 
With  Map  of  the  British  Coal-fields  and  over  200  Illustrations  specially  Drawoi 
and  Engraved  for  the  Work.     Crown  8vo,  ^40  pp.   [Just  Published.  Net  4'  6 

COLLIERY  WORKING  AND  MANAOGMENT. 

Compnnng  the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Arrange* 
ment  of  Labour  and  Wage«,  and  the  different  Systems  of  Working  Coal 
Seams.  By  H.  F.  Buljian  and  R.  A.  S.  Rbdmavnk.  3S0  pp.,  with 
38  Plates  and  other  lUnstrations,  including  Underground  PhotograDhs. 
Medium  8vo,  cloth.  1 5^0 

"This  Is.  Indeed,  an  adnliBble  Handbook  for  ColHerr  Maaagets.  In  fact  k  h  an  bidbpensable 
■djunct  to  a  CoUinrjr  Manai^r's  education,  ai  well  as  being  a  moit  oaeful  and  tntetesdng  work 
OD  the  subject  for  all  who  in  any  way  have  to  do  with  coal  mining.  The  underground  photographs 
are  an  attsactlve  feature  oK  the  work,  being  very  lifelike  and  necaasarfly  true  rapreientatkini  of  the 
■canaa  they  depkt."— Ctf/Mrry  Guurdiai^. 

"  Mr.  Bulman  and  Mr.  Redmayne.  are  to  be  conjgratulated  on  having  supplied  an  authorita- 
tive work  dealing  with  a  ddc  of  the  subject  of  coal  mining  which  has  hitherto  received  bat  scant 
tfeetment.    The  lUustratioaf  are  excellent."— ATra/wm. 

COAL  AND  COAL  MINING. 

By  the  late  Sir  Warington  W.  Suyth,  M.A..  F.R.S.     Eighth    Edition, 

Revised  and  Extended  by  T.  Fokstbk  Brown,  Chief  Inspector  of  the  Mines 

of  the  Crown  and  of  the  Duchy  of  Cornwall.    Crown  Svo,  cloth.  .    8/6 

"  As  an  outline  Is  given  of  evenr  known  coal-field  in  this  and  other  oountitaa.  as  wdl  as  of  the 

principal  methods  of  working,  the  book  will  doubtleas  lot 


'  large  number  of 
Mifting  y—unml, 

N0TE5  AND  PORMULiC  FOR  MINING  4TUDENT5. 

By  ToHN  Hbsman  Mbsivalb,  M.A.,  Late  Professor  of  Mining  in  the  Durham 
College  of  Science,  Newcastle*npon-Tyne.  Fourth  Edition,  Revised  and 
Enlarged.    By  H.  F.  Bulman,  A.M.Inst.C.B.    Small  crown  Svo,  cloth.   2/6 

"  The  author  has  done  his  work  In  a  cracfitable  manner,  and  has  produced  a  book  that  will 
be  of  service  to  students  and  those  who  are  practically  engaged  In  mining  operetions."— ^lyiwarr 

INFLAMMABLE  GAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).  By  Frank  Clowss,  D.Sc.,  Lood., 
F.I.C.  With  a  Chapter  on  Thb  Dbtbction  and  Mbasurbmbnt  op  Pbtro- 
LBUM  Vapour,  by  Bovsrton  Rbdwood,  F.R.S.E.  Crown  Svo,  cloth.  Ns^  5/0 

'*  ProfiBaaor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  Importance  .  .  . 
Those  Interested  in  these  matten  may  be  recommended  to  study  this  book,  which  tt  easy  of  compra- 
henslon  and  contains  many  good  things."— TVhf  Enrinttr. 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Compriang  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  ot 
Coal^  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams ;  Analyses  of  each  Variety ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.     By  Richard  Mbadb.    Svo,  cloth  .    £1  8b. 

"  A  oook  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  from 
his  library."— /rm  and  Coal  Trades  Rtviem. 

A5BE5T05  AND  A5BE5TIC. 

Their  Properties.  Occurrence,  and  Use.  By  Robbrt  H.  Jonbs,  F.S.A., 
Mineralogist,  Hon.  Mem.  Asbestos  Club,  Black  Lake,  Canada.  With 
Ten  Collotype  Plates  and  other  Illustrations.   Demy  Svo,  cloth.  1 6/0 

"  An  Interesting  and  hxvaluable  work."— C«//ic»7  Guardian. 

QRAN1TE5  AND  OUR  GRANITE  INDUSTRIES. 

ByGsoRGB  F.  Harris,  F.G.S.  With  Illustrations.  Crown  Svo,  cloth    2/6 

TRAVERSE  TABLES. 

For  use  in  Mine  Surveying.  By  William  Lintern,  C.E.  With  two  plates. 
Small  crown  Svo,  cloth Ntt    8/0 
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ELECTRICITY.     ELECTRICAL 
ENGINEERING,  ETC. 


THE  ELEMENTS  OF  ELECTRICAL  ENQINEERINQ. 

A  First  Year  s  Course  for  Students.  Bj  Tyson  Sbwbix,  A.I.E.E..  Assistant 
Lecturer  and  Deii>onstnitor  in  Electrical  Engineering  at  the  Polytechnic, 
Regent  Street,  London  Second  Edition,  Revised,  with  Additional  Chapters 
on  Alternating  Current  Working,  and  Appendix  of  Questions  and  Answers. 
450  pages,  with  374  Illustrations.   DemySvo,  cloih    ....    Ntt  7/6 

Ohm's  Law.— uniis  Emplu^eo  in  Electrical  Encinebrinc.  Series  and 
Parallel  Circuhs;  current  Density  and  potential  Drop  in  the  circuit,— 
The  Heating  Effect  up  the  Electric  Current.— the  Magnetic  Effect  of  an 
Electric  curre>t.— The  Magnetisation  of  iron.— Electro-Chemistry  ;  primary 
Battkries.— Accumulators.— INDICATING  instrumiints;  Ammeters,  Vultmetbrs. 
Ohmmeters.— Electricity  Supply  Metbks.— Measuring  Instruments,  anp  tub 
Measurement  of  Electrical  Resistance. —  Mrasuremei«t  of  Potential  Dif* 
pbrence.  Capacity,  current  Strength,  and  Permeability.— arc  Lamps.— Incan. 
descent  Lamps;  Manufacture  and  Installation;  Photometry.  —  thb  Con- 
tinuous CURRENT  DYNAMO.— Direct  Current  Motors.— alternating .  Currents. 
—Transformers,  alternators.  Synchronous  Motors.— Pol yphasb  working.- 
Appbmdix  of  Questions  and  answbrs. 

"An  excellent  treatise  for  stndenu  of  the  elementary  facts  connected  with  electrical 
engineering."— rA«  B^ect^cimn. 

"  One  of  the  best  bnoks  for  those  commencing  the  study  of  electrical  engineering.  Erery- 
thing  is  explained  in  simple  language  which  even  a  beginner  cannot  fall  to  undMtaitd."—Eti£itu*r. 

**  One  welcomes  this  book,  miich  is  sound  in  its  treatment,  and  admirably  calculated  to  gire 
students  the  knowledge  and  infonnation  they  most  require."— A^o/Mrr. 

THE    ELECTRICAL   TRANSMISSION    OF    ENERGY. 

A  Manual  for  the  Design  of  Electrical  Circuits.  Py  Arthur  Vauchan 
Abbott.  CE.^  Member  American  Institute  of  Electrical  Engineers,  Member 
American  Institute  of  Mining  Engineers,  Member  American  Society  of  Civil 
Engineers,  Member  American  Society  of  Mechanical  Engineeis,  &c.  With 
Ten  Folding  Diagrams  and  Sixteen  Full-page  Engravings.  Fourth  Edition, 
entirely  Re- Written  and  Enlarged.    Royal  8vo.  cloth. 

[Just  Pftblithed,    Net    30/0 

CONDUCTORS    FOR    ELECTRICAL    DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  Circuits,  Pole- Line 
Construction,  Undergmimd  Working,  and  other  Uses.  By  F.  A.C.  Pbrrinb, 
A.M.,  D.Sc  ;  formrrly  Professor  of  Electrical  Engineering,  Leland  Stanford, 
Jr.,  University;  M.Amer.I.E.E.  8vo,  cloth  ....  ASr/ 20/~ 
Conductor  Material-s- alloyed   ccnuuctors— manitfacture  op   wire- 

WiRB-FlNISHING— wire  INSULATION— CABLES— CALCUI^TION  OF   CIRCUITS— KELVIN'S 
Law  OP    ECONOMY   IN    CONDUCTORS— MULTIPLE    ARC     DISTRIBUTION— ALTERNATING 

CURRENT  Calculation— OVBRHBAD  linbs— Polb  Linb— Linb  Insulators— Under* 
GROUND  Conductors. 

WIRELESS  TELEGRAPHY; 

Its  Origins,  Development,  Inventions,  and  Apparatus.  By  Charlbs  Hbnrv 
Sbwall.    With  85  Diagrams  and  Illustrations.    Demy  Svo,  cloth. 

iW/  10/6 

ELECTRICITY   AS   APPLIED   TO   MINING. 

By  Arnold  Lupton.  M.Inst  C.E.,  M.I  M.E.,  M.i.E  K.,  late  Professor  of 
Coal  Mining  at  th«.  Yorkshire  College,  Victoria  University,  Miiung  Engineer 
and  Colliery  Manager:  G.  D  Aspinall  Parr,  M.I. £..£.,  A  M.I.M.I!^., 
Associate  of  the  Cei  iral  Technical  College,  City  ai  d  Guilds  of  Lonuon,  Head 
of  the  h.lectriial  Engineettng  Department,  Yorkshire  College,  V.cioria 
University:  and  HBhB^RT  Pk,RKiN,  M  I.M  E.,  CertificaiedC  11  ery  Manager, 
Assistant  Lectu  cr  m  the  Mining  Depart  men  i  of  the  Yorkshire  College, 
V,^^'    Victoria  University.  Withabi  ut  ijolllustrati  ns.  Medium  Svo,  cloth.  AetOJ- 

INTRUDUCI ORY.  —  DYNAMIC  ELBCI  RICI  i  Y.  —  DRIVING  OF  THB  DYNAMO.  —  THB 
STBAM  turbine.- DISTRIBUTION  OF  kLBCTRICAL  ENBRCY — STARTING  AND  STOPPING 
BLBCTBICaL  GENERATOR."   AND  MOTORS.- ELECl  RIC  CABLE:*.— CENTRAL  ELECTRICAL 

Plants.- ELBCI RiciTY  applibd  to  pumping  anu  Haulimc— Elbctricii  y  applied 
TO  Coal-Cutting.— Typical  Electric  I'Lants  rbcbntly  Erbctbo.  —  Elacibic 
LiCimNc  by  arc  and  glow  Lamps— Miscbllanboub  applications  op  elbctricity 
— BLBCTBicrrv  AS  CoMPAXBD  wrfH  othbr  modbs  of  transmitting  Power.— 
Dancers  of  ELBCTBicmr.  ».. . 
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DYNAMO,     MOTOR    AND    SWITCHBOARD    CIRCUITS 

FOR    BLBCTRICAL   ENQINBBRS. 

A  Practical  Book  dealing  with  the  ^abject  of  D'ract,  Alternating  and  Poly- 
BJiaae  Currents.  By  William  R.  Bowkbr,  C.E.,  M.E.,  E.E.,  Consulting 
Tramway  Engineer.    8vo,  cloth.  i/Mst  Published.    Net  6/0 

DYNAMO  ELECTRIC    MACHINERY:    lis   CONSTRUC- 
TION, DESIGN,  and  OPERATION. 

By  Samubl  Sheldon,  A  M.j  Ph.D.,  Professor  of  Physics  and  Electrical 
Engineerinz  at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  Hooart 
Mason,  B.S. 

In  two  volumss,  sold  separately,  as  follows : — 
Vol.  I.— DIRECT  CURRENT   MACHINES.     Fifth  Edition,  Revised.    Large 
crown  8vo.    980  pages,  with  soo  Illustrations  J^et    1 2/0 

Vol.  II.— ALTERNATING  CURRENT  MACHINES.    Large  crown  Sva    a6o 

pages,  with  184  Illu<«trations A^'/12/0 

Deslflfned  as  Text-books  >of  use  in  Technical  Educational  Institutions,  and  by  Eni^neen 
wbow  work  includn  the  handling  of  Direct  and  Alternating  Current  Machines  respectively,  and 
for  Students  proficient  in  mathematics. 

ARMATURE   WINDINGS   OF    DIRECT    CURRENT 

DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  By  E.  Arnold, 
Engineer.  As<iistant  Professor  in  Electrotechnics  and  Machine  Design  at  the 
Riffa  Polytechnic  School  Traa^lated  from  the  Original  German  by  Francis 
B.  Db  Gress.  M.E.,  Chief  of  Testing  Department,  Crocker- Wheeler  Com- 
pany.  With  Z46  Illustrations.    Medium  8vo,  cloth        .  .    JVr/ 12/~ 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS. 

For  the  Use  of  Electrical  Engineers  and  Artisans,  Teachers,  Students,  and  all 
others  interested  in  the  Theory  and  Application  of  Electricity  and  Magnetism. 
Bv  A.  A.  Atkinson,  Professor  of  Electricity  in  Ohio  University.    Crown  8vo, 

cloth -Net    9/0 

"To  teachers  and  those  who  already  possess  a  fair  knowledge  of  their  subject  we  can  recom* 
mend  this  book  as  betnj;^  u<<eful  to  consult  when  requiring  data  or  formulae  which  it  b  neither  con- 
venient nor  necessary  to  retain  by  memory." — T/u  Etectrictan, 

SUBMARINE  TELEGRAPHS. 

Their  History,  Construction,  and  Working.  Founded  in  part  on  WGnschbn- 
i>aKrF's  "  Traits  de  Tti^graphie  Sous-Marine,"  and  Compiled  from  Anthorita- 
tive  and  Exclusive Sooroes.  By  Cmarub  Bright,  F.R.S.E.,  A.M.Inst.C.E., 
M.I.E.E.    780  pp.,   fully  Illustrated,  including  Maps  and  Folding  Plates. 

Royal  8vo,  cloth  Net  je8  3s. 

"  There  are  few.  If  any,  perKms  more  fitted  to  write  a  treatise  on  submarine  telegraphy  than 
Mr.  Charies  Brif^t.  He  has  done  his  work  admirably,  and  has  written  in  a  way  wbich  wiD 
appeal  as  much  to  the  layman  as  to  the  engineer.  This  admirable  volume  must,  for  many  yean  to 
come,  hold  the  position  of  the  English  classic  on  submarine  telegraphy." — Enginur. 

"  This  l>ook:  is  full  of  information.  It  makes  a  book  of  reference  which  should  be  in  erery 
engineer's  library."— A'a/«re. 

THE  ELECTRICAL  ENQINEER'5  POCKET-BOOK. 

Consisting  of  Rules,  Formuls.  Tables,  and  Data.  By  H.  R.  Kbmpb, 
M.I.E.E.,  A.M.Inst.C.E.,  Technical  Officer  Postal  Telegraphs,  Author  of 
"A  Handbook  of  Electrical  Testing,"  &c.  S«x>nd  Edition,  thoroughly 
Revised,  with  Additions.    With  nnmerotis  Illustrations,    jamo,  leather     6/0 

"  It  is  the  best  book  of  its  kind."— j;/«cfrioi/  Enginur, 

"  The  Electrical  Engineer's  Pocket-Book  is  a  good  oia^"—BUctric%an. 

**  Strongly  rocomraended  to  those  engaged  in  the  electrical  Industries."— i?ilic/nto(/  Review, 

POWER  TRANSMITTED  BY  ELECTRICITY. 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D.  Third  Edition,  Fully  Revised,  and  New 
Matter  added.    With  94  Illustrations.    Crown  8vo,  doth  .    Net    9/0 

DYNAMIC    ELECTRICITY  AND    MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph-D.,  Author  of  "Elements  of  Static 
Electricity,"  &c.    Crown  8vo,  4x7  pp.,  with  xao  Illustrations,  cloth     .    10/6 


ELECTRICITY,  ELECTRICAL  ENGINEERING,  S^.  25 
THE  MANAQEMENT  OP  DYNAMOS. 

A  Handybook  of  Tbeonr  and  Practice  for  the  Use  of  Mochanics,  Engineers, 
Stodents,  and  others  in  Quurge  of  Dynamos.    By  G.  W.  LummiS'Patbrson. 

Third  Edition,  Revised.    Crown  8vo,  cloth 4/6 

"  Tbe  subject  is  treated  n  «  manner  which  any  intelligent  man  who  is  fit  to  be  entnisted  with 

charm  of  an  engine  should  be  able  to  understand.    It  is  a  useAU  book  to  all  who  make,  tend,  or 

employ  electric  machinery."— ^ncAitec<. 

HANDBOOK  FOR  THE   USE  OF  ELECTRICIANS. 

In  the  Operation  and  Care  of  Electrical  Machinery  and  Apparatus  of  the 
U.  S.  Sea-Coast  Defences.  By  (ino.  I*  AndkksoNj  A.M.,  Captain 
U.  S.  Artillery.  Prepared  under  the  direction  of  the  Lieutenant-General 
Commanding  the  U.  S.  Army.     Koyal  8vo,  cloth        .         .         .     iVf/    21  /O 

THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encyclopaedia  of  Words  and  Terms  Used  in  tbe  Practice  of  Electrical 
Engineering.  Containing  upwards  of  3,000  definitions.  By  T.  O'Conok 
Sloans,  A.M.,  Ph.D.    Third  Edition,  with  Appendisc     Crown  8vo,  6go  pp., 

300  Illustrations,  cloth iVtf/  7/6 

"The  work  has  many  attractive  featuies  In  it,  and  la,  beyond  doubt,  a  well  put  together  and 
useful  pubttcatioa.  The  amount  of  ground  covered  may  be  gat&eied  from  the  fact  that  in  the  index 
about  5,000  references  will  be  foundJ'-^SlettHaU  Revitw, 

ELECTRIC  LIGHT  FlTTlNa. 

A  Handbook  for  Working  Elecuical  Engineers,  embodying  Practical  Notes  on 
Installation  Management.     By  J.  W.  Urquhakt.    With  niunerous  Illustra- 
tions.    Fourth  Edition,  Revised.    Crown  8vo,  cloth.    [Just  Published.     5/0 
*  "  This  Tolume  deals  with  the  roeciianlcs  cf  electric  lighting,  and  is  addieaaed  to  men  who 

are  already  engaged  In  the  worlc.  or  are  training  for  it.    The  work  travenes  a  great  deal  of  ground, 
and  may  be  read  as  a  sequel  to  the  author's  useful  work  00  'Electric  \JifCoii.    —BUctricimn. 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodyin||  Plain  Directions  for  the  Treatment  of 

Dyiuuno-Electric  Machines,   Batteries,  Accumulators,  and  Electric  Lumps. 

By  J.  W.  Urquhart,  C.E.    Seventh  Edition.    Crown  8vo,  doth        .     7/6 

'*  The  whole  ground  of  electric  lighting  Is  mute  or  leas  covered  and  explained  In  a  vwy  clear 

and  c«)nciae  manner.  "—BUctricml  JUvint. 

DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  En^eer-Constractors  and  Electricians* 

in -Charge.     Embracing  Framework  Budding,  Field   Magnet  and  Armature 

Winding  and  Grouping,  Compounding,  &c    By  J.  W.  Urquhakt.    Second 

Edition,  Enlarged,  with  114  Illustration  .    Crown  8vo,  cloth  .     7/6 

"  Mr.  Urquhart's  book  is  the  first  one  whkh  deals  with  thoM  matters  \n  such  a  way  that  the 

engineering  student  can  tmderRand  them.    The  book  is  voy  readable,  and  the  author  leads  his 

re.-iietB  up  to  diiScult  subjects  by  reasonably  simple  toiX%."—Sngitu*riHf  JUvUw. 

ELECTRIC  SHIP-LIQHTINQ. 

A  Handbook  on  the  Practical  Fitting;  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowners  and  Builders,  Marine  Electricians,  and  Seagoing 
Engineers-in-Cbaree.  By  J.  W.  Urquhart,  C.E.  Third  Edition,  Revised 
and  Extended.    With  88  Illustrations,  Crown  8vo,  cloth         .  7/6 

"  Mr.  Urquhart  is  to  be  tiighly  complimented  for  placing  such  a  valuable  work  at  the  service 
uf  marine  electricians.  "—TAtf  Sttamskif. 

ELECTRIC  LIQHTINQ  (ELEMENTARY  PRINCIPLES  OF). 

By  Alan  A.  Campbell  Swinton,  M.Inst.C.E.,  M.I.E.E.  Fifth  Edition. 
With  16  lUusuations.    Crown  8vo,  cloth 1/6 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 
with  Particulars  of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight. 
Third  Edition,  Revised.    Crown  8vo,  wrapper 1/0 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  Illustrations  and  Detailed 
Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the  Electric  Light. 
By  Alprkd  Crofts.    Sixth  Edition,  Revised.    Crown  8vo,  cloth       .    2/0 

THE  STUDENT'S  TEXT-BOOK  OP  ELECTRICITY. 

By  H.  M.  NoAD,  F.R.S.    650  pp.,  with  470  Illustrations.    Crown  Bvo,  cloth. 

9/0 
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ARCHITECTURE,  BUILDING,  ETC 


SPECIFICATIONS  IN  DETAIL. 

By  Fkank  W.  Macbv,  Architect,  Author  •f  "  Conditsons  of  Contract." 

Second  Edition,  Revised  and  Enlarged,  containing  644  pp.,  and  3,000  Illustra* 

tions.    Royal  8vo,  cloth.  {just  HutUuhtd,    Net  Q^tO 

Summary  op  coitrENTS:— Gbnbral  Notbs  (including  Points  in  spbcipic^tion 
WRmNo.  Thb  ordbr  op  a  Spbcipication,  and  Notbs  on  itbms  optbn  OMrrrBo 

PROM  A  SPBCIPICATION).— Form  op  OUTSIDB  COVBR  TO  A  SPBCIPIC47ION.— SPBClPICA- 
TTON  <  P  WORKS  AND  LIST  OP  CBhBRAL  CONDmnNS.— PRBLlMtNARY  ITbMS  aNCLWDINC 
SHORING  AND  HOUSB  BkBAKBRI.— ORAINAGB  /INCLI'D'NG  RAlN-WATBR  WBLU  AND 
RBPORTS).— EXCAVATOB  (INCLUDING  CONCRBTB  FLOORS,  ROOPS,  STAIR*.  AND  WALLS). 

— Pa vior.—Brjciclaybr  (INCLUDING  Flintwukk,  Rivbrand  othbr  Walling.  SPRiNC- 

WATBR  WBLLS.  STURAGN  TAfKS.  FOUNTAINS.  FlLTHRS.  TBRRA  CoTTA  AND  FaIBNCB).— 

Mason.— Car PBNTBR,  J)inbr  and  i^'ONmongbr  (includimg  FB»rciNC  ano  Ptlin-;}.— 

SMrrH  AND  FoUWPBR  (INCLUDING  HBATING.F'RB  HrORANTS.  STaBLB  AND  CuW-KOUSB 
FlTTINGSi.— SLATFR  (INCLUDI  ^G  SLATB  MaSONK— TILRR — STONB  TILPR.— SHINGLBR.— 
THATCHFR.  —  PLUMBBR  IINCLUDING  HOT-WATBR  WOBK).  —  ZINCWORKBR.— CnPPBR- 
SMITH.  —  PLASTBfcBR.  —  GASr  I  PTBh.  —  BBLLHANGBR.  —  GLAZIBR.  —  PAINTBR.~P*PBR- 
MANGBR.  — GBNBRAL  RBPAIRS    AND    ALTBRATION&— VBNTILATION.  —  ROAD-MAKINC— 

ELBCiRic  Lighting.— INDBX. 

PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Stndenu  Preparing  for  Examinations,  and  a  Book  of 
Reference  for  Persons  Engased  in  Biaildin^.  By  Tohn  Parnbll  Allbn, 
Surveyor,  Lecturer  on  Bmlding  Construaion  at  the  Durham  College  of 
Science,  Newcastlenm-Tyne.  Fourth  Edition,  Revised  and  Enlarged., 
Medium  8vo,  570  pp.,  with  over  1,000  Illustrations,  doth  .    Net  7/6 

"  The  mocc  complete  eaporiUoo  of  buOdbig  oomouctlon  we  have  lew.  It  eontahis  all  that  is 
naoaHaiy  to  prapaie  «MdeniB  kn  the  Tarious  T'*"«*»"^*"«»f  fai  buildtaic  coastnictton.''— ^■rf/dfay 
Nems. 

'*  The  author  depends  neailv  as  mncb  on  Us  dtagnuns  as  00  his  type.  The  peffss  sngges 
the  hand  of  a  man  of  eatpetJepce  m  buBdlng  operations- -and  the  voUime  anist  be  a  olairing  to 
■laiij  teacheis  as  woO  as  to  students."— 7iW  ArchUtcL 

PRACTICAL  MASONRY. 

A  Guide  to  the  Art  of  Stone  Cutting.  Comprising  the  Coostmction,  Setting 
Out,  and  Working  of  Stairs,  Circultf  Work,  Arches,  Niches.  Domes,  Penden* 
tivesj  Vaults,  Tracery  Windows,  ftc  ;  to  which  are  added  Supplements 
relating  to  Masonry  Estimating  and  Quantity  Surveying,  and  to  Building 
Stones  and  Mai  bles,  and  a  Glossary  of  Terms.  For  the  Use  of  Students, 
Masons,  and  Ci  aftsmen.  By  William  R.  Purcrass,  Building  Inspector  to 
the  Borough  of  Hove.  Fifth  Edition,  Enlv^ed.  Royal  8vo,  9v6  pp.,  with 
5t  Lithographic  Plates,  comprising  over  400  Diagrams,  doth. 

{Just  PubUsk4d.    Net  7/6 

"  The  book  Is  apiactical  traatise  00  the  subject,  the  author  Unsolf  havins  commenced  as  ai 
opacadve  mason,  and  afterwaids  acted  as  foreman  maaon  on  many  large  and  vapoitant  buildings 
prior  to  the  aitahimant  of  his  present  poaitloo.  Most  of  the  examples  £i%-en  are  from  actual  woiR 
carriedout.  It  should  be  found  of  general  utility  to  archltectnial  anidents  and  othen.  as  wall  as  to 
those  to  whom  It  Is  spedaBy  addfaaaad. "— yow* w/  ^tke  Ktgml  huHtutt  ^BrWMh  Archttaae. 


MODERN    PLUMBING,    STEAM    AND    HOT    WATER 

HBATINQ. 

A  New  Practical  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect, 
and  the  Builder.  By  J.  J.  Lawlbr,  Author  of  "  American  Sanitary  Plumbing,' 
&c.    With  384  Illustrations  and  Folding  Plates.    4to,  doth       .    Net    2l7- 

HEATING   BY  HOT  WATFR, 

VENTILATION  AND  HOT  WATER  SUPPLY. 

By  Walter  Jones,  M.l.M.E.     360  pages,  with  140  Illustratioos.    Medium 
8vo,  doth.  KJ^t  PubliehuL,    Net  6/0 

CONCRETE:   ITS  NATURE  AND  USES. 

A  Bode  for  Architects,  Builders,  Contractors,  and  Clerks   of  Works.     By 

Gborgs  L.  SuTCLirrs,  A.R.I.B.A.     Second  Bditicn,  thoroughly  Ittrised 

and  Enlarged.    396  pp.,  with  Illustrations.    Ctowp  8vo.  doth. 

\Just  PublisketL    Net  9/0 

"The  author  txeets  a  difflcult  subject  in  a  hicid  manner.  The  auaual  ttte  a  long-fall  asp. 
It  Is  caraftil  and  exhaustfTS  ;  equally  useftil  as  a  student's  guide  and  an  aichkeetv  beea  ef 
nlmnac9."'-7aurmUq^tAeX^3mi/tuMitUe^BrMtMAreMUas.  .  _ 
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LOCKWOOD'S  BUILDER'S  PRICE  BOOK  for  1905. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  BaQdan, 
Architects,  Engineers,  and  Contractors.  Re'Oonstmcted,  Re>written,  and 
Greatly  Enlarged.  By  Franos  T.  W.  Millbs.  800  doNely-printed  pages, 
crown  8vo,  doth.  [/ust  Pubiishtd    4/0 


**  TUs  book  b  a  very  useAil  one,  uid  thoald  find  a  place  In  ereiy  Engliah  oAoa  conaected 
with  the  building  and  engmeering  profturinm.  "—itubun  its. 
"  An  ttxcMient  book  of  rafofcnce."— ^reMttet 
"  Compn  he  .iiTe,  reliable,  iroD  afianged.  ksfhle.  and  wall  bound."— <AnM:rA  ArchUttf. 

MEASURING  AND   VALUINO  ARTIFICERS'  WORK 

S*he  Student's  Guide  to  the  Practice  oQ.  Containing  Directions  fen-  taking 
imensions,  Abstractins  the  same,  and  bringing  the  Quantities  into  Bill,  with 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.  With  Additions 
by  E.  W.  Tarm,  M.A.    Seventh  Edition,  Revised.     Crown  8vo,  cloth.      7/6 

"The  moft  complete  treatise  oo  the  prindplea  of  meaiuiing  and  valuing  artificen'  woffc." 
—BuUding  Ntms. 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Measuring 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads, 
and  Drains,  and  an  Easy  Method  of  Estimating  the  parts  of  a  Building 
collectively.  By  A.  C  Bbaton.  Ninth  Edition.  Waistcoat*pocket  siae.  1/6 
"  No  builder,  avchitect.  surveyor,  or  vahier  should  be  without  his '  Beaton.'  "—BwOdtng  Ntws. 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will  it  Cost  to  Build.  Alter,  or  Repair  f    A  Price  Book  for  Un- 

S'  ssiooal  People  as  well  as  the  Arcnitectnral  Surveyor  and  Builder.  By 
.  Simon.  Edited  by  F.  T.  W.  Millse,  A.R.I.B.A.  Fifth  Edition, 
fiolly  Revised.    Crown  8vo,  cloth N€i  8/6 

"  In  two  years  It  wfU  repay  its  cost  a  hundred  times  over."— AVeW. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Gtude  to  the  Architect,  Engineer,  Siuveyor.  and  Builder.    Upon  the  Baas 
of  the  Work  by  A   Baktholombw,  Revised,  Corrected,  and  greatly  added  to 
by  F.  RocKKS,  Architect.     Third  Edition.    8vo,  cloth        ...     1 6/0 
**  ( )(M  of  the  books  with  which  erety  young  aichkact  mutt  be  equipped.  "^^rvMSlML 

ARCHITECTURAL  PERSPECTIVE. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Luge 
House  in  Linear  Perspective.    Illustrated  by  43  Folding  Plates.    By  F.  O 
FsKGDSON.    Third  Edition.    8vo,  boards 8/6 

"  It  is  the  most  IntelHgible  of  the  treatises  oo  thb  ill-tieated  snblect  that  I  have  met  with."— 
E.  INGRBSS  BBLL,  ESQ.,  Ui  the  R.J.a,A.  ycumal. 

PRACTICAL  RULES  ON  DRAWING.    . 

For  the  Builder  and  Young  Student  in  Architectture.    By  G.  Pynb.  ^to.  8/6 

THE  MECHANICS  OF  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 
By  E.  W.  Takm,  M.A..  Author  of  "  The  Science  of  Building,"  ftc.    Second 
Edition,  Enlarged.    Illustrated  with  125  Diagrams.    Crown  8vo,  cloth     7/6 
"  The  book  is  a  very  useibl  and  helpfU  manual  of  aichitectnral  mechanics.  "—J^MtfUrr. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE. 

Bein^  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickks,  Architect,  Author  of 
"  The  Spires  and  Towers  of  England,"  &c  6x  Plates,  ^to,  half-mOTOooo,  gilt 
edges ...    £1  lis.  6d. 

DECORATIVE   PART  OF  CIVIL   ARCHITECTURE. 

By  Sir  Wiluam  Chambkks,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  op  GKsaAN  Akchitbctobs,  by  Jossph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Lbbds.    66  Plates,  ^to,  doth  .21/0 

THE  ARCHITECTS  QUIDE. 

Being  a  Text-book  of  Useful  Information  for  ArchitecU,  Engineers,  Surveyors, 
Contractors,  Clerks  of  Works,  &c.    By  F.  Rogers.    Crown  8vo.  8/6 
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SANITATION  AND  WATER  SUPPLY. 


THE  PURIFICATION  OF  SEWAQE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Porificatioo.  and 
their  Practical  Application.  By  Sidnky  Bakwiss,  M.D.  (Lond.).  H.Sc., 
M.R.C.S.,  D.P.H.  (Canib.y,  FeUow  of  the  Sanitary  Institute.  Medical  Officer 
of  Health  to  the  Derbyshire  County  Council.  Secmd  Ed'tion,  Revi«ed  and 
Enlarged,  with  an  Appendix  on  the  Analvsis  of  Sewage  and  S-twage  Effluents. 
With  numerous  Illustrations  and  Diagrams.    Demy  8vo,  c'oth. 

[Justpublisfud.    Aet   10/6 

SUMMARY  OF  CONTENTS : —  SF.«  AGP.  :  ITS  NAII'RE  AND  COMPOSITIOM.— THE 
CMHMISIRYOF  SKWA(,E.— V'AKIEIIF-S  OF  SF.WAOF.  AND  THK  CHANGES  iT  UNDERtiOES.— 
RiVRR  POLU'Tloy  AN  >  ITS  ElFKCTS.— THE  I-AND  TREATMENT  OF  SEWACF-— PRECIPI- 
TATIO**,  PR^C1I•1TANTS,  AND  TANKS.— THE  LlOUEFACriOM  OF  SEWA(;E.— PRINCIPLES 
INVOLVED  IN  THE  OXIDATION  OF  SF.WA(;E.— ARTIFICIAL  PR<X:ESS»IS  OF  PURIFICATION.— 

AUTOMATIC  Distributors  and  special  Filters.— Particulars  of  Sbwbracb  and 
sswAGB  Disposal  .schemes  rrhuirbd   by  Local  Govbrnment   Board.— Useful 

V>\TK.—A^*(nduc:    TlIB   APPARAll'S    RBQUIRBD  FOR    SEWAGE    ANALYSIS.— STANDARD 

Solutions  ised  in  thb  nirthod  of  Siiwagb  Analysis.— ra*/M ;  Estimation  of 
Ammonia.— Nitr(k;bn  as  Nitrates.— incubator  Test,  Oxygen  Absordbd.— To 
CONVERT  Grains  per  Gallon  io  Parts  per  xoo,ooo. 

THE  HEALTH  OFFICER'S  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  ftc.  By  Edward 
F.  WiLLOUGHBY,  M.D.  (Loud.),  &c.  Second  Edition,  Revised  and  Enlarged. 
Fcap.  8vo,  leather Net    10/6 

"  A  mine  of  condensed  information  of  a  pertinent  and  useful  kind.  The  various  subjects 
of  which  it  treats  r>eine  succinctly  but  fully  and  sci«ati^:al<y  dealt  with."— TAr  Lanctt, 

"  Wc  recommend  all  those  onitraired  in  practical  sanitary  work  to  fiamish  themselves  with  a 
copy  for  reference." — Sanitary  yoMrnal. 

WATER  AND  ITS  PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Office ri,  and  others 
interested  in  Water  Supply.  By  S.  Ridbal,  D.Sc.  Lond.,^  F.I.C.  Second 
Edition,  Revised,  with  Additions,  including  numerous  Illustrations  and  Tables. 
Lar^e  Crown  8vo,  cloth Net    9/0 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  Small  Country  Districts.  By  Allak  Grkbnwbll,  A.M.LC.E., 
andW.  T.  Curkv,  A.M.I.C.E.     Revised  Edition.    Crown  8vo,  cloth    6/0 

THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  Humbbr,  A.M.  Inst.  C.E.,  and  M.Inst.  M.E.  Imp.  4to,  half- 
bound  morocco.    (See  page  zi.) Net  £6  Bs. 

THE  WATER    SUPPLY   OF   TOWNS   AND  THE  CON- 
STRUCTION OF  WATER-WORK^. 

By  Propbssor  W.  K.  Burton,  A.M.  Inst.  C.E.  Second  Edition,  Revised 
and  Extended.     Royal  8vo,  cloth.    (See  page  zo.)   ....    £1   6a. 

WATER  ENQINEERINO. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns.     By  C.  Slagg,  A.M.  Inst.  C.E.    7/S 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Charlbs  Slagg,  A.  M.  Inst.  C.E.    Crown  8vo,  cloth  8/0 

PLUMBING. 

A  Text 'book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  By  W.  P. 
BucHAN.    Ninth  Edition,  Enlarged,  with  yx>  Illustrations.    Crown  8vo,  8/S 

VENTILATION. 

A  Text-book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
BucHAN,  R.P.    Crown  8vo,  cloth     .        .        ^        .        .        .        .        .     8/6 
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CARPENTRY,  TIMBER,  ETC, 


THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibriam  of  Timber  Framing,  the  ResiAance 
of  Timber,  and  the  Construaion  of  Floors,  Arches,  Bridges,  Roofs,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature 
and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds  of  Wood  used 
in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Timber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Trbdgold,  C.£. 
witn  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illus* 
trated.  Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 
E.  WvNDHAM  Tarn,  M.A.,  Author  of  "The  Science  of  Building,"  &c 
With  6x  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In  One  large 
Vol.,  4to,  cloth £1    6a. 

" Oagbt  to  be  in  erery  aichHect's  and  erery  buOder's  Hhtaxy."'~Bt*iUler. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  is 
concerned.  The  author's  principles  are  rather  confirmed  than  impaired  by  time.  The  additional 
plates  are  of  great  infriaiic  vaiao,"SuiJdinf  H€Wi 

WOODWORKING  MACHINERY. 

Its  Rise,  Progress,  and  Construction.  With  Hints  on  the  Management  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  En^ish,  French,  and  American  Engineers.  By 
M.  P0WIS  Balb,  A.M.Inst.C.£.,  M.I.M.E.  Second  Edition,  Revised, 
with  large  Additions,  large  crown  8vo,  440  pp.,  doth       ....    9/0 

"  Mr  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  InlbrmatioD 
that  his  book  is  aU-sutfident  vat  builders  and  others  enfj^ac^  >n  the  convenion  of  timber.  "—AreklUct, 

"  The  most  comprehenstve  compendium  of  wood-working  machtnerj  we  have  seen.  The 
andior  it  a  thorough  matter  of  his  subject  "-^BtiiUing  New*. 


SAW  MILLS. 

Their  Anangement  and  Management,  and  the  Economical  Conversion   of 
Timber.     By  M.  Powis  Balb,  A.M.Inst.C.E.    Second  Edition,  Revised. 

Crown  8vo,  doth. 1 0/6 

"  The  odmiMtitfattttn  of  a  large  sawing  establishment  is  discussed,  and  the  subject  examined 
from  a  finandal  standpoint.  Hence  the  siae,  sliape,  order,  and  disposition  of  saw  milu  and  the  like 
are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery  in  its 
converted  state.    We  could  not  desire  a  more  complete  or  practkal  twadae.  "-Guilder, 


THE  CARPENTER'S  GUIDE. 

Or,  Book  of  Lines  for  Carpenters ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Pbtbr 
N  icholson's  standanl  work.  A  New  Edition,  Revised  by  Arthur  Ashpitbl, 
F.S.A.  Together  with  Practical  Rules  on  Drawing,  by  Gborgb  Pvnb. 
With  74  Plates,  4to,  doth £1  1 «, 

A  PRACTICAL  TREATISE  ON  HANDRAILINQ. 

Showing  New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing 
the  Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  Gbokgk 
CoLLiNGS.  Revised  and  Eiuarged,  to  which  is  added  A  Trbatisb  on 
Stair-building.    Third  Edition.    With  Plates  and  Diagrams,    zamo,  doth. 

2/6 

**  wm  be  found  of  practk:al  utility  in  the  ezecudon  of  this  <fiflScult  branch  of  Joinery."— Ai^/U^. 
"  Almost  every  duficult  phase  of  this  somewhat  intricate  branch  of  Joinery  is  elucidated  by 
the  aid  of  plataa  and  explanatory  leuerpieaiB."— ^wmifMrv  GoMtOt. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.    By 

Gborgb  Colungs.    With  Diagrams.    Fourth  Edition,  lamo,  doth      .    2/e 

"  An  excellent  example  of  what  a  book  of  this  kind  should  be.    Cheap  la  price,  clear  in 
definition,  and  practical  in  the  examples  selected.  "—^M^iMcr. 

THE    CABINET-MAKER'5   GUIDE    TO    THE  ENTIRE 

CONSTRUCTION  OP  CABINET  WORK. 

By  RiCHAKO  BiTMBAD.  Illustrated  with  Plans,  Sections  and  Working 
Drawings.    CrpwQ  Svp,  cloth    .       *        t 2/6 
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HANDRAILINQ  COMPLBTB  IN  BIQHT  LESSONS. 

Oq  tta«  Sc|iiar»-Cm  Syiceiii.  By  I.  S.  Goldthokp,  Teacber  of  Oeom«try 
and  BttUdtDg  Constructioo  at  the  kalifaz  Mechaaics'  Insdtate.  With  Sucht 
Plates  and  over  150  Practical  Sxercises.    410,  doth         ....    8/6 


"LOnljrtobeofcaaaldarablevalM  to  Joinen  and  ocbon  who  take  a  pilda  In  good 
nangemantoftbobook  h  aw-aitom.    Wa lieanfly nnrnmawl  it  tot— ciiaw  an.' 
Timttr  Trmdu  y*mrnml 

TIMBER  MERCHANTS  and  BUILDER'S  COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure* 

ment  of  Deals  and  Battens,  of  all  sixes,  and  other  Ust  ful  Tables  for  the  use  of 

Timber  Merchanuand  Builders     By  William  Dowsing.    Fourth  Edition, 

Revised  and  Corrected.    Crown  8vo,  cloth 8/0 

**  We  af»  glad  to  see  a  fouith  editkm  of  these  admirable  tablei,  which  for  cutrarUMiM  and 
riaipttdt/  of  arrangement  leave  nothing  to  be  desired.  "—TVuv^tfr  Tradu  y^mmai. 

THE  PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  BuQders,  ftc, 
comnrising  useful  Tables  for  all  purposes  connecteid  with  the  Timber  Trade, 
Marks  of  Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of 
Timber,  &c    By  W.  Richardson.    Second  Edition.    Fcap.  8vo,  cloth   .    8/6 

"  This  handy  maniud  contains  much  valuable  Infoimatlon  for  the  use  of  timber  merchants, 
bulldors.  foretters,  and  aU  others  connected  with  the  growth,  sale,  and  manulactiire  of  timber.  "— 

PACKING-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Caaes,  from  six 

inches  square  and  upwards.    By  W.  Richardson,  Timber  Broker.    Third 

Edition.    Oblong  4^0,  cloth 3/6 

**  Invaluable  labour-saving  tables. "— /p w>m»wyrw. 
**  Will  swe  much  Ubour  and  cakulatlon."— Croirrr. 

QUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  z  to  aoo  inches  in  length  by  i  to  108  inches  in  breadth. 

For    the    use    of    Architects,    SurveyorSj    Eiigineers,    Timber   Merchants, 

'  Builders,  &c    By  Jambs  Hawkings.    FifUi  Edition.    Fcap.,  cloth .    3/6 


"  These  tablet  will  be  found  of  irreat  aarittance  to  aU  who  require  to  make  calcuUitions  of 
superficial  VEMaMxtvaMOX."— English  Mechanic. 


PRACTICAL   FORESTRY. 

And  iu  Bearing  on  the  Improvement  of  Estates.  By  Charlbs  E.  Curtis, 
F.S.I.,  Professor  of  Forestry,  Field  Engineering,  and  General  Estate 
Management,  at  the  College  of  Agriculture,  Downton.  Second  Edition, 
Revised.    Crown  8vo,  cloth 3/6 

PRBPATORY  RBHARKS.  —  OBJBCTS  OP  PLANTING.  —  CHOICB  OP  A  FORESTBR.  — 
CHOICB  OP  SOIL  AND  SlTB.— LAYING  OUT  OP  LJMH  POS  PLANTATIONS.— PRBPARATION 
OP  THB  GROUND  POR  PLANTING.— DRAINAGE.— PLANTING.— DiSTANCBS  AND  DISTRI- 
BUTION OP  TRBBS  in  PLANTATIONS.— TRBBS  AND  GROUND  GAHB.— ATTENTION  APTBR 
PLANTING.— THINNING  OP  PLANTATIONS  —  PRUNING  OF  FORBST  TRBBS.— RBALIZATION. 
—METHODS    OP    SALB.— MBASURBMBNT  OP    TIMBER.— MBASURBHBNT  AND  VALUATION 

OP  Larch  plantation.— Fire  Lines.— Cost  op  planting. 

"  Mr.  Curtis  has  In  the  course  of  a  series  of  short  pithy  chapten  afforded  much  Infoma* 
tion  of  a  uiefiil  and  practical  character  on  the  plantlnc  and  subsequent  treatment  of  trees.*— 
iUuMtraiid  Carftnter  and  BitiJder, 

THE  ELEMENTS  OF  FORESTRY. 

Designed  to  afford  Information  concerning  the  Planting  and  Care  of  Foceatt 
Trees  for  Ornament  or  Profit,  with  suggesuons  upon  the  Creation  and  Care  of 
Woodlands.    By  F.  B.  Hough.     Large  crown  8vo,  cloth  .    10/0 

TIMBER    IMPORTER'S,  TIMBER    MERCHANT'S,  AND 

BUILDBR'S  STANDARD  QUIDB. 

By  Richard  £.  Grandt.  Comprising: — An  Anahrsis  of  Deal  Standards, 
Home  and  Foreign,  with  Comparative  Values  and  Tabular  Arrangements  for 
fixing  Net  Landed  Cost  on  Baltic  and  North  American  Deals,  including  all 
intermediate  Expenses,  Freight,  Insurance,  ftc,  &j  ;  together  with  oopioaa 
Informaiiao  for  the  Recailer  and  Builder.  Thira  Edition,  Revised,  ismo, 
doth 2'0 

*'  ETerything  it  pretends  to  be:  boDt  up  gradually,  It  leads  one  from  a  forest  to  a  treenail,  and 
throws  in,  as  a  makeweight,  a  host  of  material  concemmg  brides,  columns,  cisteras,  StcT—BnTUsh 
iiichattic. 


DECORATJVB  ARTS,  Oft. 
DECORATIVE  ARTS,  ETC. 


SCHOOL    OF    PAINTINQ    FOR    THE    IMITATION    OF 

WOODS  AND  MARBLES. 

Ai  Tuigtii  tod  PiKiiied  bf  A.  R.  V*H  DKI  BUKC  wul  P.  Vah  dm>  Buvo, 
Diitcioit  oC  Ibf  Raueidun  PuDcini  Irutiiuutn.  Royal  Falio,  itlhrialin., 
lllusiru«d  with  94  fuJI-UR  Colound  Plus ;  alia  19  plain  PLaiest  compnuni 
IJ4  riium.     Foiinli  Ediiioo  cloth Nil  ^1  Sk 


ELEMENTARY  DECORATION. 

AGiiideiiittHSmipleiFtmigfBimTil-rAn.  Ttcedia  with  PRACTICAL 
HOUSE  DECORATION.  Bv  Iakb  W.  FAcn.  With  luuiwnni  Illq*. 
tntiou.    Id  Ona  Vol.,  nnniiljluilf'boiuid j)/0 

QRAIMNa,     MARBLINO,    AND 

,    Eiihth  Edjiioo.    With 


MARBLE  DECORATION 

And  Ibe  Tenniniilaty  td  BritUh  ud  Fmltin  Mubla.    A    Hudbook  [or 
e^j n-.^ ..    n.  . ..._L._.,  "  sinuing  and  iu  Appik>< 
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DELAMOTTE'8  WORKS  ON   ILLUMINATION  AND 

ALPHABETS. 


ORNAMENTAL  ALPHABETS,  ANCIENT  ft  MEDI>EyAL. 

From  the  Eighth  Cennirfi  with  Nmnends;  iiichidiB|;  Goduc,  Chqrch-Tezt, 
large  uid  small,  German,  Italian,  Arabesqne,  Imtiais  for  IllamioatioQ, 
Monoframs,  Crosses,  &c,  for  the  use  of  Architeccnral  and  Engineering 
Dranghumcn,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers, 
Engravers,  Carvers,  &c.,&c.  Collected  and  En^ved  by  F.  Dblamottr, 
and  prlnteid  in  Colours.      New  and  Cheaper  Edition.      Rojml  8vo,  oblong, 

ornamental  boards 2/6 

**  For  thoM  who  insert  enamelled  tentences  round  glided  chalices,  who  blasm  shop  legends 

over  shop-doors,  who  letter  church  walls  with  pithy  aentcncei  from  the  Decakigue,  this  book  will  be 

useAiL  "—At/unaum, 

MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Grede,  Hebrew, 
Court  Hand,  En^ossing,  Tuscan,  Riband,  Gothic,  Knstic,  and  Arabesque ; 
with  several  Original  Designs,  and  an  Analysis  of  the  R<»nan  and  Old  English 
Alphabets,  large  and  small^  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers.  Engravers,  Carvers, 
&c  Collected  and  Engraved  by  F.  Dklamottb,  ana  printed  in  Colours. 
New  and  Cheaper  Edition.    Royal  8vo,  oblong,  ornamental  boards       .    2/6 

'*  Thafe  Is  comprised  bi  It  ererjr  poarible  shape  Into  which  the  lettets  of  the  ahihabet  and 
numerals  can  be  formed,  and  the  talent  which  has  been  expended  In  the  conceptkm  oi  Che  various 
plain  and  ornamental  letters  is  wonderftiL'*— ^StoMdimi. 

MEDI/EVAL    ALPHABETS    AND     INITIALS. 

By  F.  G.  Dblamottb.    Containing  at  Plates  and  Illuminated  Title,  printed 

in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Bbooks.     Fifth 

Edition.     Small  4to,  ornamental  boards  ......    Net  6/0 

"A  Tohime  In  which  the  letters  of  the  alphabet  come  forth  glorffied  fai  glldbig  aad  all  the 
cdottrs  of  the  prism  InterwoTen  and  Intertwined  and  Intermingied.  "^Snn. 

A  PRIMER  OP  THE  ART  OP  ILLUMINATION. 

For  the  Use  of  Beginners ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  lUumiiuued  MSS., 
printed  in  Gold  and  Colours.  By  F.  Dblamottb.  New  and  Cheaper 
Edition.    Small  4to,  ornamental  boards O/O 


"  The  examples  of  ancient  MSS.  reoommended  to  the  student,  which,  with  much  good 
the  author  chooses  from  collections  accessible  to  all,  are  selected  with  Judgment  and  knowledge  as 
wan  as  taste.  "—AtiunaHtH. 

THE  EMBROIDERER'S  BOOK  OP  DESIGN. 

Containing  Initials^  Emblems,  Cyphers,  Monograms,  Ornamental  Borders. 
Elcdesiastical  Devices,  Medieval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  by  F.  Dblamottb,  and  printed  in  Colours.  Oblong 
royal  8vo,  ornamental  wrapper Net  2iO 

"  The  boolc  will  be  of  great  assistance  to  ladles  and  young  chlldien  who  are  endowed  with 
the  ait  of  plying  the  needle  in  this  most  ornamental  and  useAU  pretty  wcitk."'-Batt  AngHan  Ttmtx. 


WOOD-CARVINQ   FOR   AMATEURS. 

With  Hints  on  Design.     By  A  Lady.    With  zo  Plates.    New  and  Cheaper 

Edition.    Crown  8vo,  in  emblematic  wrapper  ......    2/0 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  fanpait  It,  may  be  leant  from  *  A 
Lady's '  publication."— yf<*€M«»m. 

PAINTING   POPULARLY  EXPLAINED. 

By  Thomas  John  Gollick,  Painter,  and  John  Timbs,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water-Colour,  Water-Glass,  Tempera,  Encansdc, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c  Fifth 
Edition.    Crown  8vo,  cloth 0/O 

***  Adopted  ax  a  Ptiu  Book  at  South  K§fuingUm, 

"  Much  mav  be  learned,  even  by  those  who  fancy  they  do  not  require  co  be  taught,  liom  the 
carpAil  perusal  of  this  unpretending  but  comprehensive  txtaxia»."—Arf  Jaumml. 


NATURAL  SCIENCE,  d^.  33 


NATURAL  SCIENCE,  ETC. 


THE  VISIBLE  UNIVERSE. 

Chapten  od  the  Origin  and  Constmction  of  the  Heavens.  By  J.  B.  Goks, 
F.R. A.S.,  Author  of"  Star  Groups,"  &c  Illustrated  by  6  Stellar  Photographs 
and  za  Plates.    Demy  8vo,  cloth 1 0/O 

STAR  GROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Eixakd  GobB|  F.R.A.S., 
M.R.I.A..  &c.,  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 
Heavens,'*  &c    With  30  Maps.    Small  4to,  cloth 6/0 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Asuonomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  Interesting  Celestial  Obiects.  By  J.  Ellard  Gorb, 
F.R.A.S.,  Author  of  "  The  Visible  Universe,"  &c    Small  crown  8vo,  cloth. 

THE  MICROSCOPE. 

Its  Construction  and  Management.  Including  Technique.  Photo>micrography, 
and  the  Past  and  Future  of  the  Microscope.  By  Dr.  Hknki  van  Hbdrck. 
Re-Edited  and  Augmented  from  the  Fourth  French  Edition,  and  Translated 
by  Wtnmb  £.  Baxter,  F.G.S.    Imp.  8vo,  cloth      ....    1 8/0 

A  MANUAL  OP  THE  MOLLUSCA. 

A  Treatise  on  Recent  and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S., 
F.G.S.  With  an  Appendix  on  Rjkent  and  Fossil  Conchological 
Discovbribs,  by  Ralph  Tatb,  A.L.S.,  F.G.S.  With  23  Plates  and 
upwards  of  300  Woodcuts.  Reprint  of  Fourth  Edition  (z88o).  Crown  8vo. 
doth 7/6 

THE  TWIN  RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect  Harmony  and  Wooderfnl  Concord. 
By  G.  W.  V.  LB  Vadx.    8vo,  doth 6/0 

LARDNER'S  HANDBOOKS  OP  SCIENCE. 
HANDBOOK  OP  MECHANICS. 

Enlarged  and  re-written  by  B.  Lobwt,  F.R.A.S.    Post  8vo,  doth    .    6/0 

HANDBOOK  OP  HYDROSTATICS  AND  PNEUMATICS. 

Revised  and  Enlarged  by  B.  Lobwy,  F.R.A.S.    Post  Svo,  doth        .    6/0 

HANDBOOK  OP  HEAT. 

Edited  and  re-written  by  B.  Lobwy,  F.R.A.S.    Post  Svo,  doth        .    6/0 

HANDBOOK  OP  OPTICS. 

New  Edition.    Edited  by  T.  Olvbr  Harding,  B.A.    Small  Svo,  doth    6/0 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

Edited  by  Gbo.  C.  Fostbr,  B.A.    Small  Svo,  doth  ....     6/0 

HANDBOOK  OP  ASTRONOMY. 

Revised  and  Edited  by  Edwin  DuNKiN,  F.R.A.S.    Svo,  doth  .        .    0/6 

MUSEUM  OP  SCIENCE  AND  ART. 

With  upwards  of  x,9oo  Engravings.   In  Six  Double  Voltunes,  £1  1  a.   Cloth, 
or  half-morocco £1   lis,  6d. 

NATURAL  PHILOSOPHY  POR  SCHOOLS  .  .  3/6 
ANIMAL  PHYSIOLOGY  POR  SCHOOLS  .    3  6 

THE  ELECTRIC  TELEGRAPH. 

Revised  by  E.  B.  Bright,  F.R.A.S.    Fcap.  Svo,  cloth  2/6 
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CHEMICAL    MANUFACTURES, 
CHEMISTRY,   ETC. 


THE  OIL  FIELDS  OF   RU55IA    AND   THE    RUSSIAN 

PETROLEUM    INDU5TRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Bekby  Thompson,  A.M.LM.E.,  late  Chief  Enjpneerand  Manager  of  the 
European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp.,  with 
numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the  Baialchany- 
Saboontchy- Romany  Oil  Field.    Sup«r-royal  Bvo,  cloth. 

[Just  Published.    Net  £3  3s. 

THE  ANALYSIS  OF  OILS  AND  ALLIED  5UB5TANCE5. 

Bv  A.  C.  Wright,  M  A.Oxon.,  B.Sc.Lond.,  formerly  Assistant  Lecturer  in 
Chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemistry  at  the 
Hull  Technical  School.    Demy  8vo,  cloth Ntt  Q/O 

THE  QKS  ENGINEER'S  POCKET-BOOK« 

Comprbing  Tables,  Notes  and  Memoranda  relating  to  the  MannfiKtora, 
Distribution  and  Use  of  Coal  Gas  and  the  Construction  of  Gas  Works.  By 
H.  O'CoNNOK,  A.M. Inst. C.E.  Second  Edition,  Revised.  470  pp.,  crown  8vo, 
fully  Illustrateid,  leather 1 0/0 


'*  The  book  contains  a  raft  amount  of  htformation.  The  author  ffoes  coasecutlvely  throofk 
the  engineering  details  and  practical  methods  involved  in  each  of  the  aiffefent  proceuei  or  puts 
of  a  gas-works.  He  has  certainly  succeeded  ia  making  a  conpilatkm  of  hud  oiattefs  oT  tet 
absolutely  interestintr  to  read."— oaT  fVarid. 

"  The  volume  contains  a  great  quantity  of  specialised  Information,  conpOed,  we  believe,  fteas 
trustworthy  sources,  which  should  make  It  of  considerable  value  to  those  for  whom  k  is  spedflcallf 
produced.  — EMginetr. 

LIQHTINO   BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  William  E.  Gibbs,  M.B. 
With  66  Illustrations.    Crown  8vo,  cloth .    7/6^ 

ENOINEERINQ  CHEMI5TRY. 

A  Practical  Treatise  for  the  Use  of  Analjrtical  Chemist^  Engineers,  Iron 
Masters.  Iron  Founders,  Students  and  others.  Comprising  Methods  of  Analirris 
and  Valuation  of  the  Principal  Materials  used  in  Ennneering  Work,  with 
numerous  Analyses,  Examples  and  Suggestions.  By  H.  Joshua  Philups» 
F.I.C.,  F.C.S.  Third  Edition,  Revisedand  Enlarged.  Crown  8vo,  490  pp., 
with  Plates  and  other  Illustrations,  cloth •A'ir/ IQ/iS 

"  In  thb  work  the  author  has  rendered  no  small  service  to  a  numeroos  body  of  pncdcal 
men.  .  .  .  The  analytical  methods  mav  be  pronounced  most  satisfoctocy,  being  as  accufate  as  tlM 
despatch  required  ul  engineering  chemists  permits."— CA«iw4w/  Ntws. 

"The  analytical  methods  given  are,  as  a  whole,  soch  as  are  Ukdy  to  give  rapid  and  trast* 
worthy  results  in  exiterienced  hands.  .  .  .  There  is  much  exceUent  descriptive  matter  in  the  wori^ 
the  chapter  on  '  OiU  and  Lubrication '  being  speciaOy  noticeable  in  this  1 


NITR0-EXPL05IVE5. 

A  Practical  Treatise  concemini^   the  Properties,  Mannfacttire,  and  Analysia. 
of  Nitrated  Substances,   including  the  Fulminates,  Smokeless  Powden.   and 
Celluloid.    By  P.  Gbrald  Sanforo,  F.I.C,  Consulting  Chemist  to  the  Cotton 
Powder  Company,  Limited,  &c.    With  lUtutrations.    Crown  8vo,  doth.     9/0* 

"  One  of  the  very  few  text 'books  in  which  can  be  found  Just  what  Is  wanted.  Mr.  Saafavd 
goes  steadily  through  the  whole  list  of  explosives  conunonhr  used,  he  names  any  given  explosive, 
andtelbusof  what  it  is  composed  and  how  it  is  manuCactuied.    The  book  is  exceDeot.''— ^'V'lMcr. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  Dynamite.  Gnn-Cottoo» 
Nitro-Glycerine  and  other  Explosive  Compounds,  inclu(ung  Collodion-Cottoa. 
With  Chapters  on  ExploMves  in  Practical  Application.  By  M.  EisSLXlt.  M.S. 
Second  Edition,  Enlarged.     Crown  8vo,  doth 1 2/0- 

"  K  veritable  mine  of  informatian  on  the  subject  of  explosives  employed  for  military,  mining, 
and  blasting  purposes."— yf  rmj^  and  Navy  GoMttU.    ^ 
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A  MANUAL  OP  THB  ALKALI  TRADE. 

Inclnding  the  MRnn£Rctare  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alluili  Manufacturer.  ^  With  233  Illustrations 
and  Working  Drawings.  Second  Eklition,  with  Additions.  Super'roirnl  8vo, 
cloth £1   10«. 

**  We  find  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
Hade,  bat  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successftil 
conduct  of  alkali  works,  but  which  aie  generally  overlooked  by  even  experienced  technological 
"—ChemUat  Revttw, 


DANQER0U5  GOODS. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  With  Notes 
and  Comments  on  Accidents  wising  therefrom.  A  Guide  for  the  Use  of 
Government  and  Railway  Officials,  Steamship  Owners,  &c.  By  H.  Joshua 
Phillips,  F.I.C,  F.C.S.  Crown  8vo,  374  pp.,  cloth  ....  9/0 
•*  Merits  •  wide  cbculatloa,  and  an  intelligent,  appreciative  atudy.'—CArwrftfw/  Ntmt. 

THB  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing    all    known    Methods  of   Anhydrous  Analysis,    manv    Working 

Examples,  and  Instructions  for  Making  Apparatus.     By  Lieut. 'Colonel  W.  A. 

Ross,  R.A.,  F.G.S.     Second  Edition,  Enlarged.     Crown  8vo,  cloth     .    5/0 

**  The  student  who  goes  consctendously  through  the  course  of  experimentation  here  aid  down 
wfll  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  *  got  up '  anv  of  the 
best  teact-booln  of  the  day,  and  passed  any  number  of  examinations  In  their  contents.  '—^Mmiati 


THE  MANUAL  OP  COLOURS  AND  DYE-WARES. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistications. 

For  the  ITse  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.     By  J.  W.  Slatbr. 

Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth         .    7/6 

**  There  is  no  other  work  which  covers  precisely  the  same  ground.    To  students  pcepoilng 

for  examinations  In  dyeing  and  printing  it  will  prove  exceedingly  ua/^al."—^:fum4cml  Airwx. 

A  HANDYBOOK  FOR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Mailing.  ^  Embracing  the 
Conclusions  of  Modern  Research  which  bear  upon  the  Practice  of  Brewing. 
By  Herbert  Edwards  Wright,  M.A.    Second  EUlition,  Enlarged.    Crown 
8vo,  530  pp.,  cloth    ...  ...  ...    12/6 

**  May  be  consulted  with  advantage  by  the  student  who  Is  preparing  himself  for  examinational 
eests,  while  the  scientliic  brewer  will  find  in  it  a  ritum/  of  all  the  most  important  discoveries  of 
SBodem  times.  The  work  is  written  throughout  In  a  clear  and  concise  manner,  and  the  author 
takes  great  care  to  dtsctiminate  between  vague  theories  and  well-established  facu  "•—Brwmert^ 

'*  We  have  great  pleasure  In  reconunendBng  this  handy  book,  and  have  no  hesltadon  In  saying 
that  It  Is  one  of  the  best-4f  not  the  best— which  has  yet  been  written  on  the  subject  of  beer-brewing 
In  tl^  country ;  it  should  have  a  place  on  the  shelves  of  every  brewer's  Ubiary."— ^rv«wr? 
CumnUan. 

FUELS:    SOLID,   LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.     For  the  Use  of  Chemists  and  Engineers.    By 
H.  J.  Phillips,  F.C.S..  formerly  Analytical  and  Consulting  Chemist  to  the 

G.E.  Rlwy.  Fourth  Edition.    Crown  8vo,  cloth 2/0 

**  Ought  to  have  Its  place  In  the  laboratoiy  of  every  metaHurgical  establishment  and  wherever 
foal  is  asedoo  a  large  sooa. "—ChtmJml Srws, 

THE  ARTISTS'  MANUAL  OP  PIGMENTS, 

Showing  their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and 
Adulterations,  &c.,  with  Tesu  of  Purity.     By  H.   C.   Standage.     Third 

Edition.      Crown  8vo,  cloth 2/6 

**  This  work  is  indeed  mu/tum-tn-^rvo,  and  we  can,  with  good  conscience,  recommend  it  to 
■D  who  come  in  contact  with  pigments,  whether  as  makers,  dealers,  or  users."— CA««ntfae/  RgvUm, 

A  POCKET-BOOK  OF  MENSURATION  AND  OAUQINQ. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants.  &c.     By  J.  B.  Mant,  Inland  Revenue.    Second  Edition, 

Revised.    z8mo,  leather 4/0 

"  Should  be  in  tlk*  hands  of  evesy  practical  beewet."— ffrnMr**  Joiimml, 

C  2 
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INDUSTRIAL     ARTS,     TRADES,     AND 

MANUFACTURES. 

THE  CULTIVATION    AND    PREPARATION    OF   PARA 

RUBBER. 

By  W.  H.  Johnson-,  F.LS.^  F  R.H.S.,  Director  of  Agriculture,  Gold  Coast 
Colony,  West  Africa,  Commissioned  by  Government  in  1903  to  visit  Ceylon  to 
Study  the  Methods  employed  there  in  the  Cultivation  and  Preparation  of 
Para  Rubber  and  other  Agricultural  St^^Ies  for  Market,  with  a  view  to  Intro- 
duce them  into  West  Africa.  Demy  8  vo,  cloth.  \Just  Publhtudt  Net  7 IS 
Summary  op  CoNTENrs:  — iNrRODucroitY.— Thb  Para   Rubbbr   Trbe  {Heoea. 

Iraniiensis)  AT  IIOMB  ANn  ABROAD.— CULTtVATION  OF  THE  TREB  :— PROPACATIOJ*.— 
SITE  FOR  PLANTATION.— DlSn^ANCB  APART  TO  PLANT  THB  TREES.— TRANSPLANTING.— 
CULTIVATION.— INSECT   PKSTS   AND    FUNGOID   DiSRASES.— COLLECTING  THE   RUBBBR: 

—  Various  Methods  Employed  in  Tapping  Rubber  Trebs.  —  Flow  of  Latbx 

INCRRASKD  BY  WoUNDING  THB  TRBB.— H  >W  TO  TAP.— THE  PRWPARATIrtN  OF  RUBBBR 
FROM  I  HE  LATE.X:— LaTE.>C  —VARIOUS  METHODS  EMPLOYED  IN  TH«?  PREPARATION  OF 
RUBBRR.— SUGCBSTHD  MF.THOD  FOR  PREPARING  RUBBER.— SCRAP  RUBBER.— YIELD  OF 

Para  Runimk  from  Cultivated  Trees  :— Ceylon.— Malay  peninsula  —Gold  Coast, 
West  afkica.— establi.«»hment  and  Maintenance  of  a  Para  Ru  brr  plantation  :— 
Ckylon.— Malay  Peninsula.— Commercial  Value  of  the  Oil  in  Hevea  Seeds. 

TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  die 
Cultivation  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By 
A.  J.  Wallis-Tavlkr,  A.  M.  Inst.  C£.  Medium  8vo,  468  pp.  V^th  sx8 
Illustrations Ntt  25^ 

SUMM  ARV   OP    CONTKNTS. 

Mechanical  Cultivation  or  Tillagb  of  the  Soil.--Pli;cking  or  Gathbring 
THB  leaf.— Tea  Faciorirs.— the  Dressing,  Manufacturb,  or  Prbparatioh 
of  Tea  by  Mechanical  Means.  —  Artificial  Withbring  of  thb  L.bap.— 
Machines  for  Rolling  or  Curling  the  Lbaf.— Fermenting  PROCBSSb  — 
Machines  for  the  auiomatic  Drying  or  Firing  of  the  Leaf.— Machinbs  pob 
Non-Automatic  Drying  or  Firing  of  thb  Leaf.— Drying  or  Firing  machinbs. 

—  Breaking  or  Cutting,  and  Sorting  Machines.— Packing  the  Tba.— Mbams 
of  Transport  on  Tea  Plantations.— Miscellaneous  Machinery  and  Apparattts. 
—Final  treatment  of  the  Tea.— Tables  and  Memoranda. 

"  The  subject  of  tea  machinery  Is  now  one  of  the  fint  Interest  to  a  lai|re  class  of  people,  to 
whom  we  strongly  commend  tlie  \o\umm,"-~Chamb*r  ^ Cmtnurc*  yonmal. 

"  contains  a  very  full  accoant  of  the  machinefy  necessary  for  the  proper  outfit  of  a  bctoiT.  and 
also  H  description  of  the  processes  best  carried  out  bjr  this  machinery."— yM<rn«/  Society  ^Artt. 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.     By  Fribdrich  Rick,  Imperial 

Reeiernns^srath,  Professor  of  Mechanical  Technology  in  the  Imperial  Gennaa 

Poljrtechnic  Institute,  Prague.    Translated  from  the  Second  enlarged  and 

Revised  Edition.     By  H.  H.  P.   Powlbs,   A.M. Inst. C.E.       400  pp.,  with 

a8  Folding  Plates,  and  167  Woodcuts.    Royal  8vo,  cloth  .    £1  5s. 

*'  This  invaluable  woric  is,  and  will  remain,  the  standard  authority  on  the  science  of  iSliiic. . .  . 

The  miller  who  has  read  and  digested  tMs  woric  will  have  laid  the  foundation,  so  to  speak,  of  a 

successful  career ;  he  will  have  acquired  a  number  of  general  principles  which  be  can  proceed  to 

apply.    In  this  handsome  volume  we  at  last  have  the  accepted  test-book  of  modem  nUBng  in  (ood, 

sound  TIniriish.  which  has  little,  if  any.  trace  of  the  German  IMom."— The  Miller 

"  The  appearance  of  this  celebrated  work  in  Enfjflish  is  very  opportune,  and  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages."— An Arrr'  Gauette. 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding, 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  01 
Dyeing,  &c.  For  the  Use  of  Operatives,  Overlookers,  and  Manu&ctarers. 
By  John  Listrr,  Technical  Instructor,  Pendleton.    8vo,  cloth     .        .     7/8 

"  A  distinct  advance  In  the  literature  of  cotton  manufactura."—  Haehhttry. 

"  It  is  thoroughly  reUaUe.  fulfilling  neariy  all  the  requbementa  desired."— CiliugrMi  HunML 

MODERN  CYCLES. 

A  Practical  Handbook  on  their  Construction  and  Repair.  By  A.  T.  Wallis* 
Taylbr,  a.  M.  Inst.  C  E.,  Author  of  "  Refrigerating  Machinery,''^ftc    With 

upwards  of  300  Illustrations.    Crown  8vo,  clotn 10/8 

"The  book  will  provea  valuable  guide  fof  all  thoee  wlio  aspire  to  the  mannftictnim  or  rapalr 
of  their  own  machines. ''-TAc  Field. 

"  K  very  useful  boolc,  which  is  quite  antitled  to  nnk  as  a  standard  worii  for  ftv^^^rts  of  cfde 
construction.—  Wheeling. 

MOTOR  CAR5  OR  POWER  CARRIAGES  FOR  COMMON 

ROADS. 

By  A   J.  Wallis-Taylkr,  A.M.Inst.  C.E.    Crown  6vo,  cloth    .        .    4/6 
"A  work  that  an  engineer,  thinking  of  turning  his  attention  to  motor^orriage  work,  would 
do  well  to  read  as  a  preliminary  to  starting  operations."- /rH^'wrt^YHf. 
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PRACTICAL  TANNING. 

A  Handbook  of  Modem  Procesess,  Receipts,  and  Suggestions  for  the  Treatment 
of  Hidea,  Skins,  ai>d  Pelts  of  every  Description.  By  L.  A.  Flemming, 
American  Tanner.    47a  pages.    8vo,  cloth Nei  26/0 

THE  ART  OF  LEATHER  MANUFACTURE. 

Being  a  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained,  and  many  Recent  Processes  Introduced  ;  as  also  Methods  for  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c.    By  Albxandbr  Watt.     Fourth  Edition.    Crown  8vo.  cloth. 

9/0 

"  A  sonnd,  coroprehenaiTe  treatise  on  tannine  and  its  accessories.    The  book  is  an  eminently 
vatawbie  production,  which  radounds  to  the  credit  of  both  author  and  pubUshen."— C/Mmt^a/ 

THE  ART  OF  50AP-MAK1NQ. 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alexander  Watt.  Sixth  Edition, 
including  an  Appendix  on  Modern  Candlemaking.    Crown  8vo,  cloth  .     7/6 


" 


'  A  thorouKhly  practical  treMise.  We  congratulate  the  author  on  the  success  of  his  endeavour 
to  fiU  a  void  in  English  technickl  literature."— Aa/Mrc. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 
practical  soap  boiler  who  wishes  to  understand  the  theory  of  his  art." — Chemical  News. 

PRACTICAL  PAPER-MAKINQ. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper-Mills.  With 
Tables,  Calculations,  &c.  By  G.  Clapfsrton,  Paper-Maker.  With  Illus- 
trations of  Fibres  from  Micro-Photographs.    Crown  8vo,  cloth  .     0/0 

**  The  author  caters  for  the  requiremAits  of  responsible  mill  hands,  apprentices,  &c. ,  whilst 
his  aiannal  will  b«  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  ^pet- 
and  mill  owners,     ihe  Ulustrationa  form  an  excellent  feature. "—  IJu  tVortd 's  Pa^tr  Tradt 

THE, ART  OF  PAPER-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 
Straw,  and  other  Fibrous  Materials.  Including  the  Manufacture  of  Pulp  from 
Wood  Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  trom  Waste  Liquors. 
By  Alexanukr  Watt.    With  Illustrations.    Crown  Svo,  cloth  .        .     7/Q 

**It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  fuD  of  valuable 
Inlofination.  The  *  Art  of  Paper-Making'  is  in  every  respect  a  model  of  a  text-buck,  either  for  ■ 
technical  class,  or  for  the  private  studenC  — /^/<r  and  Printing  Trades  youmal. 

A  TREATISE  ON  PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Sizes,  and  Specimens  of  Different  Kinds  of  Paper.  By  Richard 
Parkinson,  late  of  the  Manchester  Technical  School.  Demy  Svo,  doth    8/6 

CEMENTS,  PA5TE5,  QLUES,  AND  QUMS. 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various  Aggluti- 
nants  required  in  the  Building,  Metal-Working,  Wood- Working,  and  Leather- 
Working  Trades,  and  for  Workshop  and  Ofnce  Use.     With  upwards  of  900  i 
Recipes.    By  U.  C.  Standagb.    Third  Edition.    Crown  Svo,  cloth       .    Sf/Q  Y 

"We  have  pleasure  In  speaking  favourably  ot  this  volume.    !>o   fitf  as  we  have   had 
' '  '  is  not  inconsiderable,  this  nuuiual  ii 


which  is  not  inconsiderable,  this  nuuiuai  is  trust  won  hy."—.^/A<M4ri>m. 

THE  CABINET-MAKER'S  GUIDE 

TO  IHb  ENTIkb  COINSTRUCIION  OP  CABINET  WORK. 

Incluuing  Veneering,  Martiuetrie,  Huhlwork,  Mosaic,  Inlaying,  &c.  By 
Richard  Bitmkad.  Illustrated  with  Plans,  Sections,  and  Working  Drawings. 
Sniali  crown  Svo,  cloth 2/6- 

FRENCH  P0LI5HIN0  AND  ENAMELLING. 

A  Practical  Work  of  Instruction.  Including  Numerous  Recipes  fur  making 
PolisLes,  Variiishes,  Glaae- Lacquers,  Revivers,  &c.  By  Richard  Bitmbad, 
Author  of  "  The  Cabinet- Maker's  Guide."    bmall  crown  Svo,  cloth       .    1  /6> 
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WATCH   RBPAIRINO,   CLBANINQ,   AND  ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  Tools  Used,  and  the 
Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds  of  English 
and  Foreugn  Watches,  Repeaters,  Chronographs  and  Marine  Chronometers. 
By  F.  J.  Garrard,  Springer  and  Adjuster  of  Marine  Chronometers  and  Deck 
Watches  for  the  Admiralty.    With  over  300  Illustrations.    Crown  8vo,  cloth. 

ff€i  4/6 

MODERN   HOROLOGY,   IN  THEORY   AND  PRACTICE. 

Translated  from  the  French  of  Claudius  Saunibr.  ex-Director  of  the  School 
of  Horology  at  Macon,  by  Julibn  Trippun,  F.R.A.S^^  Besancoo  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Edition.    Super-royal  8vo,  £2  2«.  doth ;  half-calf  .  .    £2  IDs. 

"  Tliera  is  no  horoloKkal  work  In  the  EivUsh  language  at  an  to  be  compaied  to  this  jxodnc- 
tion  of  M.  Saualer't  for  deaneai  and  completeneM.  It  Is  alike  good  as  a  guloe  kx  the  stadant  aod 
as  a  leiaience  for  the  ezpetlenced  horologist  and  skJUad  woAaataa."—Hor»Uig1cml  younuU, 

**  The  latest,  the  most  complete,  and  the  most  reliable  of  those  Hteraiy  productkms  to  which 
conthiental  watchmakets  are  Indebted  for  the  mechanical  aap«ioi1ty  over  th^  i?«gimi  biethiea 
-la  tect.  the  Book  of  Books  Is  M.  Saunier's  '  Tceatiae.' "—  tVaUkmoAtr.  yeweUtr,  tuUSUmrrmOk. 

THE  WATCH  ADJUSTER'S  MANUAL. 

A  Practical  Guide  for  the  Watch  and  Chronometer  Adjuster  in  Making, 
Springing,  Timing  and  Adjusting  for  Isochronism,  Positions  and  Temperatures. 
By  C.  E.  Fritts.    370  pp.,  with  Illustrations,  8vo,  cloth    .        .        .    i  Q/Q 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watdunakii^  and 

the  Allied  Mechanical  Arts.      Trandated  from   the    French   of  Cuktmius 

Saumibr,  and  enlarged  by  Julixn  Trippun,  F.R.A.S.,  and  Edward  Rigg, 

M. A.,  Assayer  in  the  Royal  Mint.    Third  Edition.     Cr.  Svo^doth.      .    0/0 

**  Each  part  b  tnihr  a  treatise  In  Itsdf.  The  arrangement  b  good  and  the  laagn^e  b  dwr 
•ndcoocbe.    It  b  an  atunirable  guide  for  the  young  watchmaker."— ^lyitoMtHiy. 

HISTORY  OP  WATCHES  A  OTHER  TIMEKEEPERS. 

By  Jambs  F.  Kendal,  M.B.H.  Inst.     1/6  hoards;  or  cloth,  gilt        .     2/6 

"  The  best  which  has  yet  appeared  on  thb  subject  in  the  English  Umguage."— AuImMSw. 
"  Open  the  book  where  you  may.  there  b  interesting  matter  In  it  concerning  the  tagariona 
devices  of  the  ancient  or  modem  hoiologer."— Saitentejf  Rtvirm: 

ELECTRO'PLATINO&ELECTRO'REFININO  OP  METALS. 

Being  a  new  edition  of  Alexander  Watt's  *'  Electro-Dbposition.*'  Re- 
vised and  Largely  Rewritten  by  Arnold  Philip,  B.Sc,  A.I.E.E.,  Principal 
Assistant  to  the  Admiralty  Chemist.     Large  Crown  8vo,  cloth.    .    N$t  12/6 

**  Altogether  the  work  can  be  highly  rrcoirmended  to  every  electro.plater,  and  b  of  on- 
doubted  Interest  to  evciy  electro-metallurgist.''— f/AfrrV-a/  Review. 

"Eminently  a  book  for  the  practical  worker  tai  eiectro-deporitlon.  It  cootalas  nwctlcrf 
descffptions  of  methods,  processes  and  materials,  as  actually  puiauea  and  used  in  the  ^      '  ' 


ELECTRO-METALLURGY. 

Practically  Treated.    By  Alexander  Watt.    Tenth  Edition,  including  the 
most  recent  Processes,    xamo,  cloth 3/6 

"  From  this  book  both  amateur  and  artisan  may  leain  everything  neceaaaiy  for  the  SBOoasaful 
<proiecutton  of  electroplating."— /rvM. 

JEWELLER'S   ASSISTANT   IN   WORKING    IN   GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 

of  Thuty  Years'  Workshop  Practice.    By  George  E.  Gee.    Crown  8vo.  7/6 

"  This  manual  of  technical  educatfaa  Is  appafcnUy  daatlned  to  be  a  vahiahia  anaBar*  to  • 
(handlcialt  which  Is  certainly  capable  of  iieat  impniieniwH,"    Tht  Timts. 


ELECTROPLATING. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  &c.,  &c.  By  J.  W.  ITrquhart,  C.E.  Fomth 
Edition,  Revised.    Crown  8vo,  cloth 5/O 

"  An  excellent  practical  toMnu9X,"—EHgin«*rtMg. 
•**  An  excellent  work,  giving  the  newest  information.'*— JSr«rwA|fifoi/  7«Mr»M/. 
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BLBCTROTYPINQ. 

The  ReproductioQ  and  Mnltiplication  of  Printine  Surfaces  and  Works  of  Art 
by  the  Electro-Deposition  of  Metals.    By  J.  W.  Urqdhakt,  C.E.   Crown  8vo, 

cloth 5/0 

"The  book  b  thoioughly  ptvctkal;  th«  reader  Is,  therefore,  conducted  through  tha  loading 

laws  of  electricity,  then  thiougn  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depoddac 

pfocpisni,  up  to  the  final  preparation  of  the  work.'^— ^n  y«i»mmi, 

aOLD5MlTH'5  HANDBOOK. 

By  Gborgs  E.  Gbb,  Jeweller,  ftc.    Fifth  Edition.    lemo,  doth    .        .    3/0 
"A  good,  sound  educator."— iVivrwiSvifl*/  y^mmmk 

SILYBRSMITH'S  HANDBOOK. 

By  Gbokgb  E.  Gbb,  Jeweller,  &c.    Third  Edition,  with  numerous  lUustra* 

tions.    lamo,  cloth 8/0 

"  The  chief  merit  of  the  work  Is  Its  practical  character.  .  .  .  The  woikeri  In  the  trade  wlU 
speedPy  dibcover  Its  merits  when  they  sit  down  to  study  it/'-SngUsh  Mttkanic. 

*«*  T)u  abopt  tmo  works  togtihttt  strongly  half 'bounds  pries  7s. 

SHEET  METAL  WORKER'5  INSTRUCTOR. 

CotnpMisang  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for 
Dtscribins  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and 
Tin-Plate  Workers.  By  Reubbn  Hbnky  Wakn,  Practical  Tin-Plate  Worker. 
New  Edition,  Revised  and  greatly  Enlarged  by  Joseph  G.  Hornbr, 
A.M.I.M.E.    Crown  8vo,  354  pp.,  with  430  Illustrations,  cloth  7/6 

SAVOURIES   AND    SWEETS 

Suitable  for  Luncheons  and  Dinners.  By  Miss  M.  L.  Allen  (Mrs.  A. 
Macaire),  Author  of  "  Breakfast  Dishes,"  &c.  Twenty-ninth  Edition.  F'cap 
8vo,  sewed I/O 

BREAKFAST    DISHES 

For  Every  Morning  of  Three  Months.  By  Miss  Allen  (Mrs  A.  Macaire), 
Author  of  "  bavouries  and  Sweets,"  &c.  Twenty-second  Edition.  F'cap  8vo, 
tewed I/O 

BREAD    A    BISCUIT    BAKER'S    A  SUOAR-BOILER'S 

A55I5TANT. 

Including  a  large  variety  of  Modem  Recipes.    With  Remarks  on  the  Art  of 

Bread-m^dng.  By  Robert  Wells.  Third  Edition.  Crown  8vo,  cloth  .    1  /O 

"  A  large  number  of  wrinkles  for  the  ordinary  cook,  as  weD  as  the  baker.  "-%S«itM>tAt>  RevUw. 

PASTRYCOOK  A  CONFECTIONER'S  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 
Use.     ByR.  Wells,  Author  of  "The  Bread  and  Biscuit  Baker"  .I/O 

**  We  cannot  speak  too  highly  of  this  really  excellent  work.    In  these  days  of  keen  competltloB 
oar  leaden  cannot  do  better  than  purchase  this  book."— Ablrr'r  Tutus. 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers.  Confectioners  and  Pastrycooks ;  including  a  variety  of 

Modem  Recipes,  ana  Remarks  on  Decorative  and  Coloured  Work.    With  zao 

Original  Designs.    By  Robert  Wells.    Crown  8vo,  cloth  .    5/0 

"A  Tsluable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner. 
Tbe  mnstntive  designs  are  worth  tiebla  the  amount  charged  for  tlie  work.''->Ablrr'<  Timet. 

MODERN  FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.  With 
remarks  on  the  Ingredients  Used  in  tneir  Manufacture.    By  R.  Wells.    1  /O 

**  The  work  is  of  a  decidedly  practical  character,  and  in  eveiy  recipe  ragard  is  had  to  economical 
woridng."— A^rM  British  Daily  MmH, 


RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Manufacture  of 
Indianibber  Hand  Stamps,  Small  Articles  of  Indiarubber,  The  Hektograph, 
Special  Inks,  Cements,  and  Allied  Subjects.  By  T.  O'Conor  Sloans,  A.M., 
Ph.D.    With  numerous  Illustrations.     Square  8 vo,  cloth.  .     B/O 
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HANDYB00K8  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Editor  of  "  Work  "  (New  Series),  Author  of  "  Lathe  Work,"  "  MiHiag  Machines,"  ftc. 

Crown  8vo,  144  pp.,  price  xs.  each. 

1^  Thsu  Handvbooks  hav*  bttn  writttn  to  supply  informatUm  for  Wokkmbn, 
Stodbnts,  and  Amatburs  in  tht  uvtral  Handicrafts^  on  ths  actual  Practicb  0/ 
ths  Workshop,  and  art  intsndtd  to  convty  in  plain  languag*  Tbchnical  Rnow> 
LBDGB  of  ths  sivtral  Cr  Arrs.  In  describing  ths  procsssss  •mploysd,  and  ths  mamipu' 
lotion  of  material^  workshop  tsrms  art  ussd ;  workshop  practice  is  fully  sxplaimsd  ; 
and  ths  text  is  frstly  illustratsd  with  drawings  of  modsm  tools,  appliancss,  and 
processes.  _        _  _     _      

MBTAL  TURNER'5  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.   With  too  lUiutratioas. 

1/0 
"  The  book  wDl  be  of  service  alike  to  the  amateur  and  the  aitlsaa  tniner.    It  dbpUfS 
theRKtSh  knowledge  of  th«  subject.  "—NScwfxman. 

WOOD  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.    With  over  xoo  lUustratioos. 

"  We  recominend  the  book  to  youn£  tumen  and  amateufs.    A  multitude  off  woriBoea  have 
htthecto  toufht  in  vain  for  a  manual  of  this  special  industry."— JfticA«Mtfai/  ff^trid. 

WATCH  JOBBER'5  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

xoo  Illustrations 1/Q 

"  We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquiie  and  ttioY 
this  lnexp«Misive  worlc"— C/rrA<NSM/'/  ChrotticU. 

PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.    With 

upwards  of  100  Illustrations I/O 

"A  most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker."— Jir«MwJM|fc. 

MECHANIC'S  WORKSHOP  HANDYBOOK. 

A   Practical  Manual  on   Mechanical  Manipolation,  embradug   InfbnnatioQ 
on  various  Handicraft    Processes.    With   Useful    Notes  and   MisoeIlaD< 


Memoranda.    CompriMng  about  aoo  Subjects 1  /Q 

"  A  very  clever  and  useful  book,  which  should  oe  found  fai  every  workshop ;  aad  It  shoau 
certainly  find  a  place  in  all  technical  scliools." — Saturday  Review, 

MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines.    With 

upwards  of  100  Illustrations. 1/0 

"  Mr.  Hasluck  has  produced  a  very  good  little  book."— ^MiMrr. 

CLOCK  JOBBER'5  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  AcUusting.    With  upwards  ol 

xoo  Illustrations 1/0 

"  It  is  of  inestimable  service  to  those  commencing  the  trade."— CMW»i*y  Standard, 

CABINET  WORKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Tools,  Materials,  Appliances,  and  ProccaMS 
employed  in  Cabinet  Work.    With  upwards  of  xoo  lUustratioos  (I/O 

"  Mr.  Hasluck's  thorough-going  little  Handybook  is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  cabmet-worlt." — Saturday  Review. 

WOODWORKER'S  HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Prooesaes 
Employed  in  Woodworking.    With  104  Illustrations 1/Q 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  bat  how  to  do  k,  aM 
how  to  convey  his  knowledge  to  others." — EngrineeriMr. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instmctlons. "Smiiutr. 

"  hit.  Hasluck  comtMnes  the  experience  of  a  practical  teacher  with  the  auaalpalatlve  akfll  aad 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  aie  marvels  of  wtiat 
CMl  be  produced  at  a  popular  price." — Schooimasier.  \ 

"Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— iDMO  Chremdtk,  1 

"Concise,  clear,  and  pnxMcwX." —Satuvmay  Review.  ^_;~^ 
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COMMERCE,     COUNTING-HOUSE     WORK, 

TABLES,   ETC. 


LE550N5  IN  COMMERCE. 

By  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at  Genoa. 

Edited  and  Revised  by  Jambs  Gault,  Professor  of  Commerce  and  Commercial 

Law  in  King's  College,  London.    Fourth  Edition.    Crown  8vo,  cloth     .   3/6 

"  The  publishers  of  this  work  have  rendered  considefable  service  to  the  cause  of  commercial 

education  by  the  opportune  production  of  this  Totume.  .  .  .  The  work  is  peculiarly  accepuble  to 

EnsHsh  ceaderB  and  an  admizable  addition  to  existing  class  books.    In  a  phrase,  we  think  the  work 

attains  its  object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which 

the  commercial  man  interested  therein  should  be  familiar."— CAamAcf  •^Commtroe  IFoumal, 

"  An  tnraluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and. 
In  fkct,  the  information  it  contains  on  matters  of  business  should  be  impressed  on  every  one."— 
C^imttHsr  H»Mse. 

THE  POREION  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  Correspondence  in  Five  Languages — English, 
French,  German,  Italian,  and  Spanish.  By  Conrad  E.  Baksh.  Third 
Edition,  Carefully  Revised  Throughout.    Crown  8vo,  cloth    .  •      .        .    4/6 

"  Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do 
better  than  study  this  woric,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They 
consist  not  of  entire  specimen  letters,  but— what  are  for  more  useful— short  passages,  sentences,  oi 
phrases  expressing  the  same  general  Idea  in  various  U>raa."—Athtnmum, 

"  A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged  and 
reliable.    The  book  is  a  thoroughly  good  one.  "—Scha0imatUr, 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  of 
Factories ;  Fire  and  Boiler  Insurance  ;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emilb  Garcke  and  J.  M.  Fblls.  Fifth  Edition,  Revised  and  Enlarged. 
Demy  8vo,  cloth 7/Q 

"  A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle 
of  assimilating  the  Factoiy  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 
agree  with."—AecouHtaH*s'  youryuU. 

"  Characterised  by  extreme  thoroughness.  There  are  few  owners  of  factories  who  would  not 
derive  great  benefit  from  the  perusal  of  this  most  admirable  wo^"— Local Gcvtmmgnt  CMrvnicl*. 

MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  ,  containing  a  proposed  English  System.  By  Lewis  D.  A. 
Jackson,  A.  M.  Inst.  C.  E.,  Author  of  '*  Aid  to  Survey  Practice,"  &c.    Large 

crown  Bvo,  cloth 1 2/6 

"We  recommend  the  work  to  all  Interested  in  the  practical  reform  of  our  weights  and 


A  SERIE5  OF  METRIC  TABLE5. 

In  which  the  British  Standard  Measures  and  Weights  are  compared  with  those 

of  the  Metric  System  at  present  in  Use  on  the  Continent.   By  C.  H.  Dowling, 

C.E.    8vo,  cloth 10/6 

"Mr.  Dowling's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
lystem  into  the  othar."—At/uH^um. 

IRON  AND  METAL  TRADE5'  COMPANION. 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  zs.  per  cwt.  to  iias.  per  cwt.,  and  from  one  farthing  per  pound  to 
one  shilling  per  pound.  By  Thomas  Downib.  Strongly  bound  in  leather, 
396  pp 9/0 

"  A  most  useful  set  of  Ubles.  nothing  like  them  before  existed."— AMtfUiM^  Ntws. 

"  Although  specially  adapts  to  the  iron  and  metal  trades,  the  tables  wUk  be  found  useful  in 
•very  other  business  in  which  OM^wandise  is  bought  and  sold  by  wdght."— Jea</w«>  Nrms, 
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NUMBER.  WEIGHT,  AND  FRACTIONAL  CALCULATOR. 

Coauuoinc  upwardi  of  950,000  Septtnte  Calcnlaiioas,  thowinc  at  a  Glanoe  Ktae 
Value  at  422  Different  Rates,  ranging  from  yl^th  of  a  Penn^  toaof.  each,  or  per 
cwt.,  and  £90  per  ton,  of  any  number  of  avtides  OMuecnttTely,  from  x  to  470. 
Any  number  of  cwts.,  ars.,  and  lbs.,  from  x  cwt.  to  470  cwts.  Any  number  of 
tons,  cwts.,  qrs.,  and  lbs.,  from  x  to  x,ooo  tons.  By  William  Chadwioc, 
Public  Accountant.  Fourth  Edition,  Revised  and  Improved.  8vo,  stroogly 
bound 18/0 


**  It  Is  as  easy  of  reiwno  fbr  my  answer  or  anv  Dumber  of  aaswen  as  a  dktfcMury.  Po* 
Buldac  up  accounts  or  estimates  the  book  must  prove  mvaluable  to  all  wbo  have  any  consfciarabia 
quantfor  of  calculadoiis  involvii^  pike  and  measure  In  any  combinatkin  to  ^."•-^ngtMur. 

*^Tbm  OKMt  pcorfect  work  of  the  Und  yet  ptepaied."— Cik^var  Htrmtd. 


THE  WEIGHT  CALCULATOR. 

Being  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  al 
one  Reference  the  exact  Value  of  any  Weight  from  x  lb.  to  15  tons,  at  300 
Progressive  Rates,  fix>m  xd,  to  x68s.  p«-  cwt.,  and  containing  x86.ooo  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  additioa 
(mostly  to  be  nerformed  at  sight),  will  afford  an  aggregate  of  xo,a66,ooo 
Answers ;  the  wnole  being  calculated  and  designed  to  ensure  correctness  and 
promote  despatch.  By  Henry  Harbbn,  Aoooontant  Sixth  Edition,  carefrilly 
Corrected.    Royal  8vo,  strongly  haIM>ound £1   6s« 


"  A  practical  and  useful  work  of  reference  for  men  of  bushiess  Kenerally."--/nMMM«w*r. 

"  (X  prkeleak  value  to  busineas  men.    It  Is  a  neceasary  book  In  all  neicanilla  oncasu"— 


THE  DISCOUNT  OUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufisctumit 
Ironmongers,  and  Others,  by  which  maybe  ascertained  the  £xact  Profit  arisinc 
from  anv  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  metnod  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  10  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  anv  required  Profit  after 
allowing  one  or  more  Discounu :  to  which  are  added  Tables  of  Profit  or 
Advance  from  i|  to  90  per  cent.,  Tables  of  Discount  from  xj;  to  98S  per  cent., 
and  Tables  of  Commission,  ftc,  from  |  to  xo  per  cent.  By  Hbnbv  Harbbm, 
Accountant.  New  Edition,  Corrected.  Demy  Bvo,  half-bmind  .  £1  Os. 
"  A  book  such  as  this  can  only  be  appreciated  by  busfaiess  men.  to  whom  the  savinc  of  tbae 

means  saving  of  money.    The  work  must  prove  of  great  value  to  merchants,  manufacturew.  and 

ffeneral  traders."— i9riMr A  Tradt  ymrmm/, 

TABLES  OP  WAGES. 

At  54,  5a,  50  and  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  from 
One  quarter  of  an  nour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  4J.  to  551.  per  week.  By  Thos.  Gar  butt, 
Accountant.    Square  crown  8vo,  half-bound 6/0 

IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants.  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  siaes  of  Iron  Plates  fron 
X  foot  by  6  in.  by  ^  in.  to  10  feet  by  5  feet  by  x  in.  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  x  inch  in  thickness.  By  H.  Burumsom 
and  W.  H.  Simpson.    4to,  half-bound £1  6s. 


ORIENTAL  MANUALS  AND  TEXT-BOOKS 

Notice,  Messrs.  Crosby  Lockwood  8:  Son  will  forward  on  application  a  New 
and  Revised  List  of  Text-books  and  Manuals  for  Students  in  Oriental 
Languages,  many  of  which  are  used  as  Text-books  for  the  Examinations  for  the 
Indian  Civil  Service  and  the  Indian  Staff  Corps;  also  as  Class  Books  in 
Colleges  and  Schools  in  India. 
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AGRICULTURE,    FARMING, 
GARDENING,  ETC. 

THE    COMPLETE    ORAZIER    AND     FARMER'S    AND 

CATTLB  BRBBDBR*S  ASSISTANT. 

A  Compendinm  of  Husbandry.  Originally  Written  by  Wiluam  Youatt. 
Fourteenth  Edition,  entirety  Re-written,  considerably  Enlarged,  and  brought 
U]^  to  Present  Requirements,  by  Wiluam  Frbam,  LL.D.,  Assistant  Com- 
misuoner,  Royal  Commission  on  Agriculture,  Author  of  "  xhe  Elements  of 
Agriculture,"  &c.    Royal  8vo,  1,100  pp.,  450  Illustrations,  handsomely  bound. 

£1  11a.  60. 


■BOOK  I.    ON  THB  VARIRTIRS.  BRBRDING, 

Rbaring.  Fattrning  and  Maxagb- 
MBNT  OP  Cattle. 

BOOK  II.  ON  THB  ECONOMY  AND  MAN- 

ACBMBNT  OF  THB  DAIRY. 
•BOOK  III.  ON  THB  BRBBOINC.  RBARING. 

AND  MANACBMBNT  OP  HORSBS. 
•BOOK  IV.  ON  THB  BRBBDING.  RBARING, 

AND  Fattening  of  Shbbf. 

«800K  V.     ON  THB    BRRBOING,  RBARIMG, 

AND  FATTBNING  OP  SWINB. 
'BOOK  VI.     ON  THB    DISBASBS  OP    LiVB 

STOCK. 


BOOK  VII.  On  THB  BRBBDING,  REARING. 

AND  Management  of  Poultry. 

Book  viii.  on  Farm  officbs  and 
Implements  of  Husbandry. 

book  IX  On  the  Culture  and  Man- 
agement OF  Grass  Lands. 

book  X.    On   the  Cultivation  and 

APPLICATION  OF  GRASSES,  PULSB  AND 
ROOTS. 
BOOK    XI.       ON    MANURBS    and    THEIR 

APPLICATION    TO    Grass    Land  and 
Crops. 
Book  xii.    Monthly   calendars  op 
Farmwork. 

**  Dr.  Fraam  b  to  be  congratulated  on  the  cucconlul  attempt  he  hat  made  to  give  us  a  work 

which  wlD  at  once  become  the  ttandard  classic  of  the  Cann  practice  of  the  countiy.    We  beHere 

<that  It  wfll  be  found  that  it  has  no  compeer  among  the  many  works  at  piesent  in  mutence.    .    .    . 

The  Dhistfationa  are  admirable,  while  the  frontispiece,  wliich  reprasenti  the  well-known  bull. 

New  Year's  Gift,  bred  bv  the  Queen,  Is  a  work  of  art "—  r»*  Timts. 

"The  book  must  oe  recognised  as  occupying  the  pnwd  position  of  tlie  most  eidianstlve  work 
•of  ssfanoce  In  the  English  language  on  the  subject  with  which  It  deals."— /f<*M«M«M. 

"  The  most  comprdiensiTe  guide  to  modon  farm  practice  that  exists  in  the  Wi»gii«ti  language 
to-day.  .  .  .  The  book  is  one  that  ought  to  be  on  erety  fiurm  and  In  (he  Ubory  of  every  land 
ownac."— JVorA  Lan*  Eitprtts. 

*'  In  point  of  exhaustiveneas  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  and 
wdane  postion  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agricut 
tuial  library  of  itselC'^TV^rt*  BriHsh  AgriatltmrisL 

FARM  LIVB  STOCK  OF  GREAT  BRITAIN. 

Bv  Robbrt  Wallacb.  F.L.S.,  F.R.S.E..  ftc.,  Professor  of  Agriculture  and 
Rurftl  Economy  in  the  University  of  Edinburgh.  Third  Editicm,  thoroughly 
Revised  and  considerably  Enlarged.  With  over  zso  Phototypes  of  Prize 
Stock.    Demy  8vo,  384  pp.,  with  79  Plates  and  Maps,  cloth.  .    1 2/6 

**  A  really  complete  work  on  the  histoiy,  breeds,  and  management  of  the  fium  stock  of  Great 
Britain,  and  one  which  is  likely  to  find  lu  way  to  the  shelves  of  eveiy  country  gentleman's  library." 
— 73h«  TIsiu*. 

"The  '  Farm  Live  Stock  of  Great  Britain'  Is  a  production  to  be  proud  of;  andiu  liaue  not  the 
•least  of  the  servtcea  which  itt  author  has  rendered  to  agricultural  science."— Sr«<Mr A  Farmtr. 

NOTE-BOOK  OF  AGRICULTURAL  FACT5  &  FIGURES 

FOR  PARMBRS  AND  FARM  STUDENTS. 

By  Primrosb  McConnell,  B.Sc..  Fellow  of  the  Highland  and  Agricultural 
Society.  Author  of  "Elements  of  Farming."  Seventh  Edition,  Re*written, 
Revised,  and  greatly  Enlarged.     Fcap.  8vo,  480  pp.,  leather,  gilt  edges. 

[Just  PublUhtd,    Net  lie 

CONTENTS :— SURVEYING  AND  LBVBLLmG.— WEIGHTS  AND  MEASURES.— BCACHINBRY 

.AND  Buildings.  —  Labour.  —  Operations.  —  draining.  —  Embanking.  —  Geological 

MEMORANDA.  —  SOILS.  —  MANURES.  —  CROPPING.  —  CROPS.— ROTATIONS.  —  WEBOS.  — 

Feboing.— Dairying.— LIVE  Stock.— horses Cattlr.  —  Sheep.— Pigs.— Poultry.— 

FoRBSTRY.— Horticulture.— Miscellaneous. 

"  No  farmer,  and  certainly  no  agricultural  student,  ought  to  be  without  this  m$Utum-i$i>^mrtf» 
BBanaal  of  all  subjects  connected  with  the  fAtm."—//crth  British  ArrieuUnrist. 

"This  little  pocket-book  contains  a  large  amount  of  useful  information  upon  all  lands  of 
■  agricultural  subjeas.     Something  of  the  Icind  has  long  been  wanted."- A/ari*  Latu  Exftess. 

"The  amount  of  inforaiatlun  it  contains  Is  most  surprising ;  the  arrangement  of  the  matter  is 
so  methodical— although  so  compreiaed  as  to  beinteU^ilHe  to  ereryone  who  takes  a  glance  through 
-Its  pages.    They  teem  with  information."— ^erm  and  Home, 

THE   ELEMENTS  OP  AGRICULTURAL  OEOLOQY. 

A  Scientific  Aid  to  Praaical  Fanning.    By  Primrosb  McConnbll.    Author  of 
"Note-BookofAgricultaral  Facts  and  Figures."    8vo,  cloth        .    Nst  21/0 
"On  every  page  the  work  beats  the  impress  of  a  masterly  knowledge  of  the  subject  dealt 
•with,  and  we  have  nothing  but  unstinted  praise  to  offer.**— /^'Mirf. 
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BRITISH  DAIRYING. 

A  Handy  Volame  oa  tbe  Work  of  the  Daliy-Fam.  For  the  Use  of  Technical 
Instruction  Classes,  Students  in  Agricultuiml  Colleges  and  the  Worldng  Dairy- 
Farmer.  By  Prof.  J.  P.  Shbldon.  With  Illustrations.  Second  Edition, 
Revised.    Grown  8vo,  cloth 2/0 


M 


ConiklentlT  racomiiMnded  u  a  ttaefiil  text-book  on  dalrj  bneia^^—AgvieuUitral 
~    ■    "    th(  ■        "    ■'  "         "  ■  -     -       -  -  .       .  _ 


*'  Probably  the  best  half-ciowa  manual  on  daily  work  that  has  yet  been  produced."— AS»rM 
MrUUh  Aericutturist. 

"  It  is  the  soundest  little  work  we  have  yet  seen  on  the  subject. "—  nu  Timts. 

MILK,  CHEBSE,  AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  Iohn  Ouvbr,  late  Principal  <^  the  Western  Dauy  Institute, 
Berkeley.    With  Coloured  Plates  and  soo  Illustrations.    Crown  Bvo,  cloth. 

7/e 

"  An  exhaustive  and  maateily  production.    It  may  be  cordially  recommended  to  all  students 
-ictitioners  of  dairy  science.  —A'tfrC*  British  ArricultHrist. 
'  We  recoounend  this  very  comprehcniiTe  and  carefully-written  book  to  dairy-fumen  and 


and  pnu:titioners  of  dairy  science.  —A^vrC*  British  ArricultHrist. 

lis  ▼erycomprehcniiTe  and  caref  ". 
Students  of  dairying.    It  is  a  dlstmct  acquisition  to  the  library  of  the  aKnculturist."— ^^vicwttMrw/ 


Gtutt: 

SYSTEMATIC  SMALL  PARMINO. 

Or,   The  Lessons  of  My  Farm.    Being  an  Introduction  to  Modem   Farm 

Practice  for  Small  Farmers.     By  R.  Scott  Bukm,  Author  of  "  Outlines  of 

*  Modem  Farming,"  ftc.    Crown  Bvo,  cloth 6/0 

**  This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
will  read  with  pleasure,  and  accept  as  a  guide."— ^ir/it. 

OUTLINES  OP  MODERN  PARMINO. 

By  R.  Scott  Burm.  Soils,  Manures,  and  Crops — Farming^  and  Farming 
Economy — Cattle^  Sheep,  and  Horses — Management  of  Dauy^  Pigs,  and 
Poultry — Utilisation  of  Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One 
Vol.,  1,350  pp.,  half-bound,  profusely  Illustrated 1 2/0 

FARM  ENOINEERINO,  The  COMPLETE  TEXT-BOOK  off. 

Comprising  Draining  and  Embanking  j  Irrigation  and  Water  Supplv  ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings ;  Barn  Implements  and  Machines ; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  By  Professor 
John  Scott.    In  One  Vol.,  2,150  pp.,  half-bound,  wita  over  600  Illustratioos. 

12/0 
"  Written  with  great  care,  as  well  as  with  knowiedge  and  ablUty.    The  author  has  done  lata 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  hb  statements. 
The  volume  will  be  of  great  value  to  agricultural  students."'— Ma  rik  Lant  Eitfrtss, 

THE  FIELD5  OP  GREAT  BRITAIN. 

A  Text- Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).  Second  Edition,  Revised,  with  Additions. 
x8mo,  cloth 2/6 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  vast  and  useful  fund  of  knowledge." — EducatiOHal  Jimts 

TABLES  and  MEMORANDA *for  FARMERS,  0RAZIER5» 

AGRICULTURAL  5TUDBNT5,  5URVBYOR5,  LAND  AOBNT^^ 
AUCTIONBBR5.  &c. 

With  a  New  System  of  Farm  Book-keeping.  Bv  Sidney  Francis.  Fifkh 
Edition.    273  pp.,  waistcoat-pocket  size,  limp  leather       .  'I/O 

"  Weighing  less  than  i  oz.,  and  occupvingno  more  space  than  a  match-box,  it  contains  amass 
of  fhcts  and  calculations  which  has  never  belore,  in  such  handy  form,  been  obtainable.  Evefy 
operation  on  the  farm  it  dealt  with.  The  work  may  be  taken  as  thoroughly  accurate,  the  whole  o£ 
the  tables  having  been  revised  by  Dr.  Fream.  We  cordially  recommend  ixJ'—BtlFs  Weekly 
MesstngtTs 

THE     R0THAM5TED     EXPERIMENTS     AND    THEIR 

PRACTICAL  LBS50N5  FOR  FARMBRS. 

Part  L  Stock.    Part  IL  Crops.    By  C.  J.  R.  TirrBR.    Crown  8vo,  doth. 

a/e 

*'  We  have  no  doubt  that  the  book  will  be  welcoaed  by  a  large  clan  of  faurmets  and  otiiaia. 
inteverted  hn  agriculture.  "•SteMirfarif. 
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FERTILISERS   AND    FEEDING    5TUFF5. 

Thdr  Properties  and  Uses.  A  Handbook  for  the  Practical  Fanner.  By 
Bernard  Dvkr,  D.Sc.  (Lond.).  With  the  Text  of  the  Fertilisers  and  Feeding 
Stuffs  Act  of  1893,  The  Regulations  and  Forms  of  the  Board  of  A|!nriculture, 
and  Notes  on  the  Act  by  A.  J.  David,  B.A.,  LL.M.  Fourth  Edition,  Revised. 
Crown  8vo,  cloth 1/0 


**Thb  Httltt  book  is  precisely  what  h  profesMS  to  be— *A  Handbook  for  the  Pfactlcal 
Fanner.'  Dr.  Dyer  has  done  formoxs  good  senrke  in  placing  at  th«ir  disposal  so  much  usafiil 
bfonnatlon  in  so  Intelligible  a  tonn."-~Tkt  Times. 

BEE5  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiary.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  Svo,  wrapper 1/0 

BOOK-KEEPING  for  FARMERS  and  E5TATE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  Svstem  adacAed  for  all 
Classes  of  Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant. 
Fourth  Edition.    Crown  Svo,  doth.  [Just  Publishsd,    2/6 

**  The  Tolune  Is  a  capital  study  of  a  most  Important  tubiecf^AgTUuIhiruI  GmMem, 

WOODMAN'5  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and 
Expenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy,  ftc,  ftc. 
With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  Knd  ol  the 
Year.    By  Johnson  M.  Woodman,  Chartered  Accountant.    Second  Edition. 

Folio,  half-bound Ntt  7/6 

"  Contains  every  requisite  (or  keeping  faim  accounts  readily  and  accurately.  "—^jnriirMiWHrv. 

THE  FORCING  GARDEN. 

Or,  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Plana  and 
Estimates  for  Building  Glasshouses,  Pits  and  Frames.     With  Illustrations. 

By  Samubl  Wood.    Crown  Svo,  doth 3/0 

"  A  good  book,  containing  a  groat  deal  of  Taluable  teaching.''— Carntoi^rr'  Magaaing. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING. 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  Bv  S.  Wood.  Fourth 
Edition,  with  considerable  Additions,  and  numerous  Illustrations.     Orown 

Svo,  doth 3/0 

"  A  very  good  book,  and  one  to  be  highly  lecommended  as  a  pnctical  guide.    The  practical 
dlractioos  ate  excellent."— ^iAMurMm. 

MULTUM-IN-PARVO  GARDENING. 

Or,  How  to  Make  One  Acre  of  Land  produce  £,600  a  yearly  the  Cultivation 
of  Fruits  and  Vegetables ;  also.  How  to  Grow  Flowers  in  Three  Glass  Houses, 
so  as  to  realise  2x76  per  anntun  clear  Profit.  By  Samubl  Wood,  Author  of 
"  Good  Gardening,   ftc.    Sixth  Edition,  Crown  Svo,  sewed     .        .        .I/O 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Guide.    By  S.  Wood.    Crown  Svo,  doth        .    3/6 

POTATOES:  HOW  TO  GROW  AND  SHOW  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potata 
By  J.  Pink.    Crown  Svo 2/0 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  "GarJen'.ng  Illustrated."    Crown  Svo,  cloth. 

3/6 
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AUCTIONEERING,    VALUING,    LANO 
SURVEYING,  ESTATE  AGENCY,  ETC. 


INWOOD'5    TABLES    FOR    PURCHASING    ESTATES 

AND  FOR  THB  VALUATION  OP  PROPBRTIBS, 

Including  Advowsons,  Assunuice  Policies,  Copyholds,  Defened  Annnities, 
Freeholds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests, 
Mortgages,  Perpetuities,  Renewals  of  Leases.  Reversions,  Sinking  Funds, 
&c.,  &c.  38th  EditicHi,  Revised  and  Extended  by  William  Schooling, 
F.R.A.S.,  with  Logarithms  of  Natural  Numbers  and  Thoman's  Logarithmic 
Interest  and  Annuity  Tables.     360  pp.,  Demy  8vo,  cloth. 

i/ust  PubliskMi.    Ngi  8/0 


**  ThoM  Interasted  In  the  puichaae  and  lale  of  wtrtw.  and  In  the  adjustment  ofcoapcosatloB 
as  well  as  In  transactions  In  annuhifes,  ttCs  taisanaces,  &c.,  wID  and  the  tinnwit  edhkm  of 
•mfaient  service." — En^nttring. 

"  This  Taluable  Dook  has  been  considerably  enlan^d  and  improved  by  the  iaboon  of 
Mr.  Schooling,  and  is  now  very  complete  indeed." — EcoHomist, 

"  Altogether  this  edition  will  prove  of  extreme  value  to  many  classes  of  prnfffiwUinsI  men  in 
saving  them  many  long  and  tedious  calculations."— /mwx/arr'  RtvUw. 

THE  APPRAISER.  AUCTIONEER.  BROKER.  HOUSE 

AND  B5TATB  AOBNT  AND  VALUBR'5  POCKET  A55I5TANT. 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  generally ;  with  Prices  for  Inventories,  &c.  By 
JOHN  Whbblbr,  Valuer,  &c.  Sixth  Edition,  Re-written  and  greatly  Extendi 
by  C.  NoRKis.    Royal  samo,  cloth 5/0 

**  A  neat  and  concise  book  of  reference,  containing  an  adnrinUe  and  deaily^nranged  flst  of 
prioea  for  inventories,  and  a  ver^r  practical  guicto  to  determine  the  value  of  furniture,  flirr  "    Tdriwrfiifrf. 

"  Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  paichase, 
sale,  or  renewal  of  leases,  annuities  and  revetsions,  and  of  property  generally,  with  prices  lot 
inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  *^*im  '—Pttildtr 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Cotinsel  for  the  Young  Auctioneer.  By  Robbst 
Squibbs,  Auctioneer.    Second  Edition,  Revised.    Demy  8vo,  cloth    .     12/6 

"The  work  Is  one  of  general  excellent  character,  and  gives  much  infbfmatkm  In  a  ooai- 
pondious  and  satisfactory  form." — BtMdtr. 

"  May  be  recommended  as  Biving  a  great  deal  of  Infoimatloo  on  the  law  mlaflnB;  to 
auctioneers.  In  a  very  readable  form/'-— JLow  ^^urfuU. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A  Practical  Handbook  on  the  Valuation  of  Landed  Estates ;  indoding 
Example  of  a  Detailed  Report  on  Management  and  Realisation;  Forms  of 
Valuations  of  Tenant  Right  ;^  Lists  of  Local  Agricultural  Customs  ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  aa 
Compensation  under  the  Luids  Clauses  Acts.  &c  By  Tom  Bright,  Agricul* 
tural  Valuer.  Author  of  "The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook. "  Fourth  Exlition,  Revised,  with  Appendix  containing  a  Digest  of 
the  Agricultural  Holdings  Acts,  1883 — 1900.    Crown  8vo,  cloth        .   JVft  SIO 


'*  Full  of  tables  and  examples  In  connection  with  the  valuation  of  tenant-right,  estates,  tabour, 
contents  and  weights  of  timber,  and  farm  produce  of  all  kindi."—j4^^r%cuitura/  GaMttU. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  inteiestand 
value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— /variMcr. 

POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating, 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valoatioo  for 
Pcuposes  of  Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bkight.  Crown 
Svo,  cloth 8/6 

•'  To  valuers,  foresten  and  agents  k  will  be  a  wefeome  aid."— ^V^rA  BHHihAgriailhmHH, 
**  Well  calculated  to  assist  the  vainer  in  the  discharge  of  his  duties,  and  of  undoubted  Inta 
and  use  both  to  surreyots  and  ■nctfcwieeri  la  pcepartag  valuatkias  of  sB  kinds."— JTsfrf  BmmU, 
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AGRICULTURAL  SURVEYOR  AND  B5TATE  AQBNT*5 

HANDBOOK. 

Of  Practical  Rules,  Formule,  Tables,  and  Data.  A  Comprehensive  Manoal 
for  the  Use  of  Surveyors,  Agents,  Landowners,  and  others  interested  in  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates.  By 
Tom  Bright,  Agricultural  Sunreyor  and  Valuer,  Author  of  "The  Agn* 
cultural  Valuer's  Assistant,"  &c.    With  Illustrations.      Fcap.  8vo,  Leather. 

2^et  7/6 
"Ad  exceedinicly  useful  book,  the  contents  of  which  are  admirably  chosen.    The  closes  for 
whom  the  work  is  intended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 
for  lefeience."— £.t'v«  S/aci  youmal. 

"  It  is  a  sin^larly  compact  and  well  informed  compendium  of  the  facts  and  fiffures  likely  to 
be  required  in  estate  work,  and  is  certain  to  prove  of  much  service  to  those  to  whom  it  is 
addressed."— iSrv/xOTOM. 

THE  LAND  VALUER'S  B^^T  A5515TANT. 

Being  Tables  on  a  very  much  Improved  Plan^  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to    Statute    Measure.   &c.    By    R.    Hudson,    C.E.      New   Sedition. 

Royal  3amo,  leather,  elastic  oand 4/0 

*'  Of  incalculable  value  to  the  coontiy  gentleman  and  professional  man."— FanwMrf*  ymmal, 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  Formulae,  Tables,  and  Memoranda  required  in  any  Computation 
relatmg  to  the  Permanent  Improvement  of  Landed  Property.  By  Tohn  Ewart, 
Surveyor.    Second  Edition,  Revised.    Royal  3amo,  oblong,  leatner  4/0 

*'  A  compendious  and  handy  littl   volume."— %^^«tetf»r. 

THE    LAND   VALUER'S    COMPLETE    POCKET-BOOK. 

Being  the  above  Two  Works  bound  together.      Leather  ....    7/6 

HANDBOOK  OF  HOUSE  PROPERTY. 

A  Popular  and  Practical  Guide  to  the  Purchase,  Tenancy,  and  Com- 
pulsory Sale  of  Houses  and  Land,  ^  including  Dil^idations  and  Fixtures : 
with  Examples  of  all  kinds  of  Valuations,  Infonnation  on  Building  and  on  the 
right  tise  of  Decorative  Art.  By  E.  L.  Tarbuck,  Architect  and  Stirveyor. 
Seventh  Edition.     lamo,  cloth  [Jftxi  Published.    5/0 

"The  advice  is  thorouehly  practlcaL"— Z.aw youmal. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  Indispensable  guide."— ZI«:«r»iy0H. 

"  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  divlrion  on  Fine  Art. 
A  weB-wrltten  and  thoughtful  work."— iL«fu<  Agtnit'  Xtctrd. 


LAW  AND  MISCELLANEOUS. 


MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 

B.  Mackib,  Fellow  of  the  Institute  of  Journalists.    Crown  8vo,  cloth    .    2/0 

"  This  invaluable  guide  to  Journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will 
read  with  advanuge."— ypMrMo/iM. 

HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acu  of  Parliament  and  Provisional  Orders  for 
the  Authorisation  of  Railways,  Tramways,  Gas  and  Water  Works,  &c. 
By  L.  L  Macassbv,  of  the  Middle  Temple,  Barrister-at-Law,  M.I. C.E. 
Bvo,  cloth £1   5«. 

PATENTS  for  INVENTIONS,  HOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hakdingham,  Assoc.  Mem.  Inst.  C.E.,  &c.    Demy  8vo,  cloth  '1/6 

CONCILIATION  &  ARBITRATION  In  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the 
Question  at  Home  and  Abroad.  By  J.  S.  Jbams.  Crown  Bvo,  aoo  pp., 
cloch  2/6 
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CROSBY  LOCKWOOD  S-  SOS'S  CATALOGUE. 


BVBRY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  and  Equity.  With  a  Concise 
Dictionary  of  Legal  Terais.  By  A  Babbistbil  Forty-second  Edition, 
carefully  Revised,  and  comonsing  New  Acts  of  Parliament,  incloding  the 
Prevention  of  Cruelty  to  Children  Act,  1904  ;  Weights  and  Measures  Act,  1904  ; 
Licensing  Act,  1904;  Shop  Hours  Act,  1904;  as  well  as  the  Motor  Car  Act, 
1903;  Employment  of  Children  Act,  1903;  Poor  Prisoners*  Defenct  Act, 
1903,  &c.  Judicial  Decisions  pronounced  dumg  the  year  have  also  been  duly 
noted.    Crown  8vo,  800  pp.,  strongly  bound  in  cloth.     {Just  Publishul.    0/8 
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Tkis  Stmmdard  Work  0/  Rt/grtncejhrms  a  Complbtb  Epitomb  op  thb 
Laws  of  England,  ccmprising  {amottgsi  other  tnatttr^: 


THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS 


landlord  and  tenant 
vendors  and  purchasers 
Leases  a.no  Mortgages 
loiNT-sTOCK  Companies 
if  asters.  servants  and  workmen 
Contracts  and  agrbemb.vts 
money-lending.  surettship 
Partnership,  shipping  law 

SALE  and  purchase  OF  GOODS 

Cheques.  Bills  and  Notes 
Bills  of  Sals,  Bankruptcy 
Life.  Fire,  and  Mari.nb  Insurance 
Libel  and  Slander 


Crimlval  Law 
Parliamentary  Elections 
County  Councils 
District  and  parish  councils 
Borough  corforations 
trustees  and  executors 
clergy  and  churchwardens 
Copyright,  Patents,  Trade  Marks 
HUSBAND  and  Wife.  Divorcb 
Infancy.  Custody  of  childbbn 
public  Health  and  Nuisances 
Gamb  Laws.  Gaming.  Innkeepers 
Taxes  and  Dbath  Dutibs 


Forms  of  Wiixs,  acrbbmbnts,  Notxcbs.  &c 


1^    Th*  tijea  e/  ttUt  wrk  is  to  enmUt  th»s*  wtu  etmuUU  U  lUlp OumMeitts 
tew  /  mnd  tkertby  t»  dUpentt,  ms/ar  as  f*ssibU,  with  pr^fsssi^tuU  assistmnes 
mr$  many  wrsnfs  and  gritpancu  wMcM  persons  sufmtit  t»  /Vimm  Urns  t»  Hmu  Cftfvay*  mat 
ksumdHf  A#w  or  where  t»  ^fhf^  rtdrtss :  and  manjf  fersons  hmtt  as  great  a  drmd^fa 


Ittmyer's  ^ce  as  qfa  Utn\ 


^Uk  tkis  book  at  Mand  it  is  heUeved  that  many  a  SlZ-^AMD- 


ElGHTPBNCE  may  be  savtd  ;  manv  a  wrong  redressed  ;  many  a  right  reetaisned  :  many  m  imw 
I ;  and  many  an  evii  abated.    The  work  h€U  estabA   -    "  ■     - - 


mdviser  ^all  flosses,  and  htu  also 
Imwvers  residing  ai  a  distanee  yVim 
embodying  rteent  deeitiont 


hshoditsef/'as  the  standard  Ugmi 
mrepntaUon/^iUei^as  a  us^/Uibook  o/\ 

law  Ubrmries,  who  mm  glad  to  have  at  hand 


*•*  Opinions  of  thb  Pbbss. 

**  The  amount  of  information  given  in  the  volume  is  simplv  wonderfiiL    The  contiiiued 
popularity  of  the  work  showit  that  it  fulfils  a  useful  purpose." — Lmw  yottmai. 

"  As  a  book  of  reference  this  voluina  is  without  a  nvaL"~PaU  Malt  Gaaetfe. 

"  No  Englishman  ought  to  be  without  this  book."— f  M^'M«rr. 

"  Ought  to  be  in  every  business  establishment  and  in  all  libraries."— 5A<^«/tf  Post. 

"  The  '  Concise  Dictionary  '  adds  considerably  to  its  \aiu^"—lVestmiMster  Gaaette. 

"  It  Is  a  complete  code  of  English  Law  written  In  plain  language,  which  all  can  1 
.  .  .  Shoukl  be  In  the  hands  of  ereiy  busineM  man,  and  all  who  wldi  to  abottih  lawyenT  i 
IVgtbly  Times. 

"  A  useful  and  coodie  epitome  of  the  law,  compDed  with  considerable  cafe."- 

"  A  complete  digest  of  the  most  useAil  facts  which  constitute  English  Imw."— Globe. 

"  Admirably  done,  admirably  airanged,  and  admirably  cheap."— Z««Cr  Moreury. 

"A  concise,  cheap,  and  complete  epitome  of  the  English  law.    So  plainly  wiltten  that  lie  who 
runs  may  read,  and  he  who  reads  may  undencand."— ^%f«r«. 

"  A  dictlonaiy  of  legal  ftctswea  put  together.    The  book  is  a  very  oaeftil  1 


LABOUR  CONTRACTS. 

A  Popular  Handbook  on  the  Law  of  Contracts  for  Works  and  Services*    By 
David  Gibbons.   Fourth  Exlition,  with  Appendix  of  Statutes  by  T.  F.  Uttlbt, 


Solicitor.    Fcap.  8vo,  cloth 
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WEALE'S    SERIES 


OF 


SCIENTIFIC  AHi>  TECHNICAL 

WORKS. 


"  It  is  not  too  much  to  say  that  no  books  have  ever  proyed  more 
popular  with  or  more  useful  to  young  engineers  and  others  than  the 
excellent  treatises  comprised  in  Weale's  Series."— Xngineer. 
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CIVIL  ENQINEERtNO  AND  8URVEYINQ  8 

MININQ  AND  METALLUROY    .     .     .     .  ■ 

MEOHANIOAL  ENQINBERINQ ....  4 

NAVIGATION,  SHIPBUILOINa   ETa  S 


AROHrrEOTURS  AND  BUIUMNQ  . 
INDUSTRIAL  AND  USEFUL  ARTS. 
AQRIOULTURE,  QARDENINQ,  ETa 
MATHEMATI08,  ARITHMETIOk  ETa 


a 


10 
M 


BOOKS  OP  REFERENCE  AND  MISCELLANEOUS  VOLUiMES 


^f\h 


CROSBY  LOCKWOOD  AND  SON, 
7,  STATIONERS*    HALL   COURT,   LONDON,   E.C 

1905. 


2         WEALK'S    SCIENTIFIC   AND   TECHNICAL  SERIES. 

CIVIL' ENGINEERING  A  SURVEYING, 
Oivil  Entfineerin^. 

By  Hbnry  Law,  M.InscCE.  Including  a  Treatne  on  Hydkavuc 
Enginsbring  by  G.  R.  Buknbll,  M.I.CE.  Seventh  Edition,  reviled, 
with  Larcb  Additions  by  D.  K.  Clark,  M.I.CE.       .        .       •    6/q 

Pioneer  BSngineering : 

A  Treatise  on  the  Engineering  Operations  connected  with  the  Settlenent  of 
Waste  Lands  in  New  Countries.  By  Edward  Dobson,  M.Imst.CE. 
With  numerous  Plates.    Second  Edition 4>/6 

Iron  Bridges  of  Moderate  Span: 

Their  Con.«tructioQ  and  Erection.  By  Hamilton  W.  Pbmobbd.  With  40 
Illustrations .        .  .  2/0 

Iron  and  Steel  Bridges  and  Viadnots. 

A  Practical  Treatise  upon  their  Construction  for  the  use  of  EngineerK, 
Draughtsmen,  and  Students.  By  Francis  C ampin,  CE.  With  Illus.    3/6 

Constructional  Iron  and  Steel  Work» 

As  applied  to  Public,  Private,  and  Domestic  Buildings.  By  Franos 
Campin,  C.E 3/6 

Tubular  and  other  Iron  Girder  Bridges. 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G.  Dbysdalb 
Dbmpsbv,  C.E.     Fourth  Edition         • 2/0 

materials  and  Construction: 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  Designing,  and  Erec- 
tion of  Works  of  Construction.    By  Francis  Campin,  CE.    .        .    3/0 

Sanitary  Work  in  the  Smaller  Towns  and  in  Villages. 

By  Charles  Slagg,  Assoc.  M.Inst.C.E.    Third  Edition        .       .    3/0 

Construction  of  Roads  and  Streets. 

By  H.  Law,  C.E.,  and  D.  K.  Clark,  CE.  Sixth  Edition,  revised,  with 
Additional  Chapters  by  A.  J.  Walus-Taylbr,  A.M.  Inst.  C.E.       .    6/0 

^as  Works, 

Their  Construction  and  Arrangement  and  the  Manufacture  and  Distribu- 
tion of  Coal  Gas.  Originally  written  by  S.  Huchbs,  CE.  Ninth  Edition. 
Revised,  with  Notices  of  Recent  Improvements,  by  Hbnbv  O'Connbb, 
A.M.  InsL  CE.,  Author  of  "The  Gas  Engineers'  Pocket  Book." 

[JmH  PubUshtd,    6/0 

Water  Works 

For  the  Supply  of  Cities  and  Towns.  With  a  Description  of  the  Piindwd 
Geological  Formations  of  England  as  influencing  Supplies  of  Water.  Br 
Samuel  Hughbs,  F.G.S.,  CE.    Enlarged  Edition  ....    4>/0 

The  Power  of  Water, 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Ttarbinct  and  other 
Hydrostatic  Engines.    By  Josbph  Glynn,  F.R.S.    New  Edition   .    2/0 

W^ells  and  Well-Sinking. 

By  John  Gbo.  Swindbll,  A.R.I. B.A., and  G.  R.  Burnbll.  CB.  Reviised 
Edition.  WithaNew  Appendix  on  the  Qualities  of  Water.  Illustrated   2/0 

The  Drainage  of  Lands,  Towns,  and  Buildings. 

By  G.  D.  Dempsev,  CE.  Revised,  with  large  Additions  on  Recent 
Practice,  by  D.  K.  Clark,  M.I.CE.    Third  Edition       .        .        .    4/6 

The  Blasting  and  Quarrying  of  Stone, 

For  Building  and  other  Purpo&es.  With  Remarks  on  die  Blowing  up  of 
Bridges.    By  Gen.  Sir  J.  Burgoyne,  K.C.B 1/6 

Toundations  and  Concrete  Works. 

With  Practical  Remarks  on  Footings,  Plankins,  Sand,  Concrete  B^ton, 
PileKlriving,  Caissons,  and  CorTerdams.  By  E.  Dobson.  Ninth  Ed.       1  /6 


wbale's  scientific  and  technical  series.       S 

Pnennuktios, 

Including  Acoastics  and  the  Phenomena  of  Wind  Correntt.  for  the  Use  of 
B^inners.    By  Chaxlbs  Tomlinson,  F.R.S.    Fourth  Edition      .     1/0 

X«and  and  Bngineering  SuFTeying. 

For  Student!  and  Practical  Use.  By  T.  Bakek,  CE.  Nineteenth  Edition, 
Revised  and  Extended  by  F.  E.  Dixon,  AM.  Inst.  CE..  ProfessionnI  Asso- 
ciate of  the  Institution  of  Sunreyors.  With  numerans  lUusiratioiis  and  tw« 
Lithographic  Plates ^     ,        ,    2/0 

Vensuration  and  Measurintf. 

For  Students  and  Practical  Use.  With  the  Mensuration  and  LrreDinf  of 
Land  for  the  purposes  of  Modern  Engineering.  By  T.  Bakbb,  CB.  Nov 
Edition  by  E.  Nugent,  CE 1/6 

MINING   AND    METALLURGY. 
Vining  Oaloulations, 

For  the  use  of  Students  Preparing  for  the  Examinations  for  CoUiefy 
Managers'  Certificates,  comprising  numerous  Roles  and  Examples  in 
Arithmetic,  Alg^ebra,  sjod  Mensuration.  By  T.  A.  CDonahub,  M.B^ 
First-Class  Certificated  Colliery  Manager 3/6 

Wnupalo^, 

Rudimenu  of.  By  A.  Ramsat,  F.G.S.  Fonrth  Edition,  revised  and 
enlarged.    Woodcuts  and  Plates 3/6 

•Ctoal  and  Goal  Mining, 

A  Rudimentary  Treatise  on.  By  the  late  Sir  Waxinotom  W.  Smtth. 
F.R.S.    Eighth  Edition,  revised  by  T.  FossTBS  Brown  .  .    3/6 

If etatlur^  of  Iron. 

Contauing  Methods  of  Assay,  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  U.  Bauerman.  F.G.S.  With  numerous 
Illustrations.    Sixth  Edition,  revised  and  enlargea     ....    6/0 

The  If ineral  SarrMfor  and  ITaluer's  Oomplete  Gnida. 

By  W.  LiNTEKN.  Fourth  Edition,  with  an  Appendix  on  Magnetic  and 
Angular  Surveiring 3/6 

Slate  and  Slate  QuarFying: 

Scientific,  Practical^  and  Commercial.  By  D.  C  Daviss,  F.G.S.  With 
numerous  Illustrations  and  Folding  Plates.    Fourdi  Edition  .    3/0 

A  First  Book  of  If ining  and  Qnarryintf, 

¥nth  the  Sciences  connected  therewith,  for  Primaiy  Sdxoob  and  Self-In- 
struction.   By  J.  H.  Collins,  F.G.S.    Second  Edition    .       .       '1/6 

Subtorraneona  Sorreyintf, 

With  and  without  the  libgnetic  Needle.  By  T.  Fbnwick  and  T.  Baks*, 
CE.    Illustrated 2/6 

If  inintf  Tools. 

Manual  of.  By  William  MorganSi  Lecturer  on  Practical  Mining  at  the 
Bristol  School  of  Mines 2/6 

If  inintf  Tools,  Atlas 

Of  Engravings  to  Illustrate  the  above,  containing  935  Illustrations  of  Mining 
Tools,  drawn  to  Scale.    4to 4/6 

Physioal  Oeolo^, 

Partly  based  on  Mi^or-General  Portlock's  "  Rudiments  of  Geolocy." 
By  Ralph  Tatb,  ALS.,  ftc    Woodcuts 2/0 

Historioal  Geology, 

Partly  based  on  Major-Geoeral  Portlock's  *'  Rudiments."  By  Ral^h 
Tate,  A.L.S.,  &c.    Woodcuts .       .    2/6 

Cteolotfy,  Physioal  and*  Historioal. 

Consisting  of  "  Physical  Geology,"  which  sets  forth  the  Laading  Principles 
of  the  Saence;  and  "Historiol  Geology,"  which  treats  of  me  Mlaeral 
and  Organic  Conditions  of  the  Earth  at  each  successive  epodu  By  Ralfm 
Tatb,F.G.S. 4/6 


4         WEALE'S  SCIENTIFIC  AND  TECHNICAL  SERIES. 

MECHANICAL    ENGINEERING,  v 
Th«  Workman's  Vanaal  of  En^ine«pin|[  Dravin^. 

By  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Naval 
College,  Greenwich.     Eighth  Edition.    300  Plates  and  Diagrams     .    3/G^ 

Fa^ls:  Solid,  Ltiquid,  and  Gaseous. 

Their  Analysis  and  Valuation.  For  the  Use  of  Chemists  and  Engineers. 
By  H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist 
to  the  Great  Eastern  Railway.     Fourth  £dition 2/0 

Vaol»  Its  Oombnstion  and  BSconomy. 

Consisting  of  an  Abridgment  of  "  A  Treatise  on  the  Coanbostioo  of  Coal  ami 
the  Prevention  of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  Exten- 
sive Additions  by  D.  K.  Clark,  M.Inst.C.E.    Fourth  Edition        .    3/S- 

Tho  Boilermaker's  Assistant 

In  Drawing,  'leinplating,  and  Calculating  Boiler  Work,  &c.  By  T.  Court- 
NBY,   Practical    Boilermaker.     Edited  by  D.   K.   Clark,   CE.  .    2/0 

The  BoiIer-Maker*s  Ready  Reokoner, 

With  Examples  of  Practical  Geometry  and  Templating  for  the  Use  of 
Pbtters,  Smiths,  and  Riveters.    By  John  Courtney.    Edited  by  D.  K. 

Clark,  M.I.CE.    Fifth  Edition 4/0 

V  The  last  two  IVorks  in  Otu  Volume^  half-hotrnd.  entitled  "  Turn  Boiubr- 

maker's  Rbady-Rbckgnrr  and  Assistant.      By  J.  Courtnbt  and 

D.  K-  Clark.    Price  7/0. 

Steam   Boilers: 

Their  Construction  and  Management.   By  R.  Armstrong,  C  E.   Illustrated 

i/e 

Bteam  and  If aohinery  Management. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Machinery. 
By  M.  Powis  Balb,  M.Inst. M.C.       .......    2/€^ 

Steam  and  the  Steam  BSntfine, 

Stationary  and  Portable.  Being  an  Extension  of  the  Treatise  on  the  Steaia 
Engine  of  Mr.  J.  Sbwbll.    By  D.  K.  Clark,  CE.    Fourth  Edition    3/S 

The  Steam  Entfine, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for 
Practical  Men.    BvT.  Bakkr,  CE 1/S 

The  Steam   Bngine. 

By  Dr.  Lardnbr.    Illustrated 1  /S 

liOOomotiTe  Bntfines. 

ByG.  D.  Dbmpsbv,  CE.  With  laige  Additions  treating  of  the  Modern 
Locomotivcjby  D.  K.  Clark,  M.Inst.  CE.      .        .  .        .    3/0 

liOOomotiTe  Bngine-Drivin^. 

A  Practical  Manual  for  Engineers  in  charge  of  Locomotive  Engines.  By 
Michabl  Rrynolds.    Eleventh  Edition,    js.  6d.  \  cloth  boards     .    4/6 

Stationary  Bngine-Driving. 

A  Practical  Manual  for  Engineers  in  charge  of  Stationary  Engines.  By 
Michabl  Rbynolds.    Seventh  Edition.    3«.  td, ;  doth  boards       .    4>/S 

The  Smithy  and  Forge. 

Including  the  Farrier^s  Art  and  Coach  Smithing.  By  W.  J.  E.  Ckanb. 
Fourth  Edition  2/S 

Hodem  Workshop  Praotioe, 

As  applied  to  Manne,  Land,  and  Locomotive  Engines,  Floating  Docks, 
Dredging  Machines,  Bridges,  Ship*building,  ftc.  By  J.  G.  Wimton. 
Fourth  Edition,  Illustrated ...    3/S 

lleohanioal  BnJ^eering. 

Comprising  Metallurgy,  Moulding,  Casting,  Forginc,  Tools,  Workshop 
Machinery,  Mechaniou  Manipulation,  Manufacture  of  the  Steam  Engine, 
ftc.    By  Francis  Campin,  CE.   Third  Edition        ....    2/S 

]>etails  of  If  aohinery. 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  th« 
Fittuig-Shop,  Foundry,  and  Boiler-Yard.  By  Francis  Campin,  CE.  3/0 
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SSIementary  Bntfineering : 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.     In  the  Fonii  of 

S Questions  and  Answers  on  Metals,  Allojrs,  Strength  of  Materials,  ftc 
y  r.  S.  Brkwbs.    Fifth  Edition |  /6 

Power  in  Motion: 

Horse-power  Motion,  Toothed-Wheel  Gearing,  Long  and  Short  Driving 
BandH,  Angular  Forces,  ftc.   By  Jambs  Akmour,  CE.  Third  Editioo  2/0 

Iron  and  Heat, 

Exhibiting  the  Principles  concerned  in  the  Constracttoo  of  Iron  Beams, 
Pillara,  and  Gilders.    By  J.  Ajkmoub,  CE. 2/6 

Praotioal  Meohanism, 

And  Machine  Tools.    By  T.  Bakbb,  CE.    With  Remarks  on  Tools  and 
Machinery,  by  J.  Nasmyth,  CE 2/6 

lleohanios : 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  ScieuL 
and  their  Applications.    BvChaklbs  Tomlinson,  F.R.S.       .       .     1/< 

Cranes  (The  Oonstruotion  of), 

And  other  Machinery  for  Rainng  Heavy  Bodies  for  the  Erection  of  Boild- 
ings,  &&     By  Joseph  Glynn,  F.R.S. 1/6 


NAVIGATION,    SHIPBUILDING,    ETC, 
The  Sailor's  Sea  Book: 

A  Rudimentary  Treatise  on  Na^ngatioo.  By  Jambs  Gbbbnwood,  B.A. 
With  numerous  Woodcuts  and  (x>loimd  Plates.  New  and  enlarged 
Edition.    By  W.  H.  Rossbb 2/6 

Practical  Navigation. 

Consisting  of  The  Sailor's  Sea-Book,  by  Jambs  Greenwood  and  W.  H. 
RossER  ;  tM^ether  with  Mathematical  and  Nautical  Tables  for  the  Working 
of  the  I^blems,  bv  Hbnry  Law,  CE.,  and  Prof.  J.  R.  Young  .    7/0 

navigation  and  Mautioal  Astronomy, 

In  Theory  and  Practice.    By  Prof.  J.  R.  Young.    New  Edition.    2/6 

Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations ;  to  wUdi  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  CE.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Prolessor  J. 
R.  YouNC.    New  Edition 4/0 

aiastbitf,  Vast-Making,  and  Ritftfintf  of  Ships. 

Also  Tables  of  Spars,  Rigging,  Blocks ;  Qiain,  Wire,  and  Hemp  Ropc% 
ftc.,  relative  to  every  class  c»  vessels.    By  Robert  KipriNC,  N.A.  .    2/0 

Sails  and  SaU-Makintf. 

With  Draughting,  and  the  Caotre  of  Effort  of  the  Sails.  By  Robbkt 
Kipping,  ^f.A 2/6 

Marine  Bntfines  and  Steam  Vessels. 

By  R.  AlURRAY.  CE.  Eighth  Editioo,  thoroughly  revised,  with  Addi- 
tions by  the  Author  and  by  George  Caruslb,  CE.        .  .    4/6 

Maval  Axtshitecture : 

An  £xpo8iti(m  of  Elementary  Principles.    By  James  Peaks    •       .    3/6 

Ships  for  Ocean  and  River  Serrioe, 

Principles  of  the  Construction  of.    By  Hakon  A.  SoMliBKPBuyr  .     \  1% 

Atlas  of  Engravings 

To  IllustnUe  the  above.  Twelve  large  folding  Platas.  Royal  4to,  cloth    7/6 

^nie  Forms  €it  Shins  and  Boats. 


Bt  W.  Blani>.      Tenth    Edition,    with    nnmenMS    lUuamdoos    and 
Models 1/0 
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ARCHITECTURE  AND    THE 

BUILDING   ARTS. 
Oonstmotional  Iron  and  Bteel  Work, 

As  applied  to  Public,  Privata,  and  Domestic  Buildinf*.  Bj  Fikancis- 
CAMflN,  C£ 3/S 

BuUdlng  Batates : 

A  Treatise  on  the  Development,  Sale,  Porchaae,  and  Ifanacemeiit  of  Build- 
ing Land.    Bf  F.  Maitland^    Third  Edition 2/0 

Tho  Boienoe  of  Building : 

An  Elementary  Treatise  on  the  Principles  of  Constractlon.  By  E.  Wtnd- 
HAM  Tarn,  M.A  Lond.    Fourth  Edition  ......    3/G 

Tho  Art  of  Building: 

General  Principles  of  Constractioo,  Strength,  and  Usa  of  Materials,  Woriclitf. 
Drawings,  Specifications,  ftc.    By  Eowako  Dobsov,  M.JL1.B.A  .    2/0 

A  Book  on  Building, 

CItiI  and  Ecclesiastical.  By  Sir  SDMOim  Bkurt,  Q.C  (Loid  Gkim- 
tmobpb).    Second  Edition .    476- 

Dwolling-Hoiuos  (Tho  Brootion  of), 

Illustrated  by  a  Perspective  View,  Plans,  and  Sections  of  a  Pair  of  Villas,  witlk 
Specification,  Quantities,  and  Estimates.  By  S.  H.  Bkooks,  Architect    2/& 

Oottago  BnUding. 

By  C.  Bhuck  Allxn.  Twelfth  Iditiao,  with  Chapter  oa  Boonomic  Cot- 
tages for  Allotments,  by  E.  E.  Allsn,  C.E 2/0 

Aooustioa  in  Rotation  to  Architeotore  and  Building  r 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings.  By  Pro- 
fessor T.  Rocbb  Smith,  F.R.  LB.  A    New  Edition,  Revised  .       .     1/6 

Tho  Rudimonts  of  Praotioal  Bricklaying. 

General  Principles  of  Bricklaying ;  Arch  Drawing,  Cutting,  and  Setting ; 
Pointing ;  Paving,  TilLog,  &c.    By  Adam  Hammond.    Witn  68  Woodcnta 

1/e 

Tho  Art  of  Praotioal  Briok  Cutting  and  Sotting. 

By  Adam  Hammond.    With  90  Engravings  •1/6 

Briokwork : 

A  Practical  Treatise,  embodying  the  General  and  Highar  Principles  of 
Bricklaying,  Cutting  and  Setting ;  with  the  Application  ofGoomaCry  to  Roof 
Tiling,  ftc.    ByF.WALKBB 1/6 

Brioko  and  Tiloa, 

Rudimentary  Treatise  on  the  Manufacture  of;  containing  an  Outline  of  tha- 
Principles  of  Brickmaking.  By  £.  Dobson,  M.R.LB.A  Additions  hr 
CTOMLINSON,  F.R.S.    Ulustrated 3/0 

Tho  Praotioal  Briok  and  Tile  Book. 

Comprising:  Brick  and  Tilb  Makino,  by  E  Dobson,  M.Inst.CE.;. 
Practical  Sricklaying,  by  A  Hammond  ;  BRiac-criTTUfa  and  Sbttinq, 
by  A  Hammond.    550  pp.  with  S70  Illustrations,  half-bound    ,       .    6/0 

Carpentry  and  Joinery— 

Thb  Elbmbntary  Pbinciflbs  of  CARrBNTRT.  Chiefly  composed  from  the 
Standard  Work  of  Thomas  Trbdgold,  Cfi.  With  Additions,  and  Tbbatisb 
ON  JoiHBBY,  by  E.  W.  Tarn,  M.A.     Eighth  Edition       .        .        .    3/(^ 

Oarpentry  and  Joinery — Atlas 

Of  35  Plates  to  accompany  and  Illustrate  the  fongcmg  book.  With. 
Descriptive  Letterpress.    410 0/(^ 
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A  Praotloal  Treatise  on  Handrailiiig;  * 

Showing  New  and  Simple  Methods.     By  Gbo.  Collinos.    Third  Edition, 
including  a  Trbatisb  on  Stairbuilding.    With  Plates  .        .  2/6 

Oiroular  Work  in  Carpentry  and  Joinery. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Doable  Curvature. 
By  Georgb  Collings.    Fourth  Edition     ......    2/6 

Roof  Carpentry: 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.    For  the  Use  of  Working 
Carpenters.     By  Gbo.  Collings 2/0 

The  Construction  of  Roofs  of  Wood  and  Iron; 

Deduced  chiefly  from  the  Works  of  Robison,  TredRold,  and  Humber.    Br 
E.  Wyndh AM  Tarn,  M.  A.,  Architect.     Fourth  Edition  .        .        .     1/o 


The  Joints  Made  and  Used  by  Builders* 

By  Wyvill  J.  Christy,  Architect.    With  z6o  Woodcuts        •       •    3/0 

Shoring 

And  its  Application :  A  Handbook  for  the  Use  of  Students.  By  Gborgb 
H.  Blagrovb.    With  31  Illustrations 1/6 

The    Timber   Importer's,    Timber    Merohant'Si    and 
Builder's  Standard  Guide. 

By  R.  E.  Grandy 2/0 

Plumbing: 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  Wtth 
Chapters  upon  House  Drainage  and  Ventilation.  By  Wm.  Paton  Buchan. 
Ninth  Edition,  with  5x3  Illustrations     .....  .      .    3/S 

Ventilation : 

A  Text  Book  to  the  Pmctice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Buchan,  R.?.,  Author  of  "  Plumbing,"  &c.     With  170  Illustrations    3/6 

The  Practical  Plasterer: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kbmp    2/0 

House  Painting,  Graining,  Marbling,  &  Sign  Writing. 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts. 
By  Ellis  A.  Davidson.     Eighth  Edition.    Coloured  Plates    .        .    o/O 

%*  The  abcvt^  in  cloth  boards^  strongly  boundf  6/0 

A  Grammar  of  Colouring, 

Applied  to  Decorative  Painting  and  the  Arts.  By  Gbokgb  Fiblik  New 
Eldition,  enlarged,  by  Ellis  A.  Daviosun.     With  Coloured  Places       3/0 

Blementary  Decoration 

Asapplied  to  Dwelling  Houses,  &c.  By  James  W.  Facey.  lUustratad    2/0 

Practical  House  Decoration. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.   By  Jambs  W.  Fagbt 

2/6 
•«*  Tht  last  two  Works  in  One  handsome  Vol.,  half-bound,  entitled  "  HOOSB 
Dbcokation,  Elementary  anu  Practical," /ruv  6/0* 

Portland  Cement  for  Users. 

By  Hbnrv  Faija,  A.M.Inst.C.£.     '1  hlrd  Edition,  Corrected  .        .     2/0 

Limes,  Cements,  Mortars,  Concretes,   Mastics,   Plas- 
tering, &c. 

By  G.  R.  Burnell.  C.E.    Fifieemh  Edition  .        .  .        .     1/6 
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llAsonry  and  8ton«-Giiiiliig. 

The  Principles  of  Masonic  ProjectioD  and  their  iqipKcatioo  to  Coostruction. 
By  Edwakd  Dobson,  M.R.I.B.A. 2/6 

Arches,  PleFS,  Bnttr— •■,  Ac: 

Experimental  Essays  on  the  Ihindples  of  Coostncdon.     By  W.  Buunx 

1/6 

Qiutntities  and  If  •asursnittnts. 

In  Bricklayers',  Masons',  Plasterers'.  Plumbers',  Painters',  Paperhanger«', 
Gilders',  Smiths',  Carpenters'  and  Joiners'  Work.   By  A.  C  Bbatok.    1  /6 

The  Complete  Measurer: 

Setting  forth  the  Measurement  of  Boards,  Glass,  Umber  and  Stone.  By  R. 
HoKTON.    Sixth  Edition 4/0 

Onide  to  Superfloial  If  easnrement : 

Tables  calculated  from  i  to  aoo  inches  in  length,  by  i  to  io8  inches  in 
breadth.  For  the  use  of  Architects,  Surveyon,  Engineers,  Timber  Mer- 
chants,  Buikiers,  &c.    By  Jambs  Hawkingi.    Fifth  Edition  .        .    3/6 

Lltfht: 

An  Introduction  to  the  Science  of  Optics.  For  the  Use  of  Students  of  Archi- 
tecture, Engineering,  and  other  Applied  Sdenoes.  By  E  W.  Takh. 
M.A.      *....  .•■■.•■I /6 

Hints  to  Young  Architeots. 

By  Gbokgk  WicHTWiCK,  Architect.  Sixth  EcUtion,  revised  and  enlasged 
by  G.  HusKissON  Guillaumb,  Architect 3/6 

Archlteoture — Orders : 

The  Orders  and  their  iEsthetic  Principles.    By  W.  H.  Ljbos.    Illustrated. 

Archlteoture — Styles : 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  Earliest  Period.  By  T.  Talbot  Bukv  .  .  2/0 
*•*  Okdbrs  and  Styles  of  Architbcturb,  in  Omt  fVA,  3/6* 

Arohiteoture— Desig[n : 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.    By  Sow. 

Lacy  Garbbtt,  Architect.     Illustrated 2/6 

*«*  Tk*  tkrtt  frtceding  Works  in  Otu  MandMtm  y0l,  kmlf^atmd^  tmtiiUd 
"MoDBKN  Architbcturb," /r»f#  6/0< 

Perspeotlve  for  Beginners. 

Adapted  to  Young  Studenu  and  . 

By  Gboxgb  Pynb '    .        .  ^'2/0 

Architectural  If  odellintf  in  Paper. 

By  T.  A.  Richardson.    With  Illustrations,  engraved  by  O.  Jbwitt    \  /6 

Glass  Staining,  and  the  Art  of  Painting  on  Glass. 

From  the  German  of  Dr.  Gbssbrt  and  Emanubl  Otto  Frombbrc  With 
an  Appendix  on  Thb  Art  of  Enamblling 2/6 

yitruTius^The  Architecture  of. 

In  Ten   Books.    Translated  from  the  Latin  by  Josbph  Gwilt,  F.S.A., 
»    F.R.A.S.    WithssPUtes 6/0 

N.B,—Thu  it  tkt  0Hly  Edition  ^Vitruvius  procurMt  at  m  modtrmU  priet. 

Grecian   Architecture, 

An  Inquiry  into  the  Principles  of  Beauty  in.  With  an  Historical  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.   By  the  Earl  of  Abbrobbn.    |  /Q 

*•*  Tkt  iw0  frtceding  Works  in  One  knndsomo  Vol.,  kmi/'iound,  miiiUd 
"Ancibnt  Architbcturb,"  ^riet  6/0> 


Adapted  to  Young  Students  and  Amatenrs  in  Architecture,  Painting,  ftc. 
**    Gi  ~ 
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INDUSTRIAL   AND    USEFUL    ARTS. 
Cements,  Pastes,  Glues,  and  Giun«. 

A  Guide  to  the  Manufacture  and  Applicaticm  of  Agglatinantt.  Whh  900 
Recipes  and  Formula.    By  H.  C.  Standagb 2/0 

Clocks,  Watches,  and  Bells  for  Public  Purposes. 

A  Rudimentary  Treatise.  By  Edmund  Beckbtt.  Lord  Grimthorpb, 
LLD.,  K.C.,  F.R.A.S.  Etshth  Edition,  with  new  List  of  Great  Bells  and 
an  Appendix  on  Weathercocks.  {/ust  /ttiUsAgd.    4/8 

*•*  TAr  abcve^  kandsomtfy  bouud,  cMk  hoard*^  5/6* 

Bleotro-Metallurtfy, 

Practically  Treated.    By  Albxandkr  Watt.    Tenth  Edition         .    3/6 

The  Goldsmith's  Handbook. 

Containing  full  Instructions  in  the  Art  of  Allopng,  Melting,  Reducing, 
Colouring,  Collecting  and  Refining,  Recovery  of  Waste,  Sold«n,  Bnamfls, 
&C.,  &C.    By  Gb'>rcb  E.  Gbb.    Sixth  Edition 3/0 

The  Silversmith's  Handbook, 

On  the  same  plan  as  the  Goldsmith's  Handbook.    By  G.  E.  Gbk.    3/0 
*«*  Tlu  last  two  Works,  in  Otu  AanasoMU  Vol,  kalf-Umnd^  J/Q. 

The  Hall-Marking  of   Jewellery. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  tbo  United 
Kingdom ;  with  the  Stamps  and  Laws  relating  to  the  Standards  and  Hall 
Marks  at  the  various  Assay  Offices.     By  Gborgb  £.  Gbb  .    3/0 

French   Polishing  and  Bnamelling. 

Numerous  Recipes  for  making  Polishes,  Varnishes,  ftc.    By  R.  Bitmbad. 

1/6 

Practical  Organ  Building. 

By  W.  E.  Dickson,  M.A.    Second  Edition,  Revised,  with  Additions  2/6 

Ooaoh-Bnilding : 

A  Practical  Treatise.   By  Jambs  W.  Burgbss.   With  57  Illustrations    2/6 

The  Cabinet -Xaker's  Guide 

To  the  Entire  Construction  of  Cabinet-Work.     By  R.  Bitmbad        .    2/6 

The  Brass  Founder's  Manual: 

Instructions  for  Modelling,  Pattern  Making,  ftc.     By  W.  Graham  .     2/0 

The  Sheet-Metal  Worker's  Guide. 

For  Tinsmiths,  Coppersmiths,  Zincworkers,  &c  By  W.  J.  E.  Cbanb.     1  /6 

Sewing  Machinery: 

Its  Construction,  History,  ftc.     By  J.  W.  Urqumart,  CE.    .        .     2/0 

Gas  Fitting: 

A  Practical  Handbook.    By  John  Buick*    New  Edition        .  2/6 

Oonstruction  of  Door  Looks. 

From  the  Papers  of  A.  C.  Hobbs.    Edited  by  C.  Tomlinson,  F.R.S.     2/6 

The    Model    LcMomotive    Bngineer,   Fireman,    and 
Bngine-Boy. 

By  MlCHABL  Rbynolds 3/6 

The  Art  of  Letter  Painting  made  Basy. 

By  J.  G.  Badbnoch.    With  la  full-page  Engravings  of  Examples  .     1  /6 

The  Art  of  Boot  and  Shoemaking. 

Mea5urement,  Last-fitting,  Cutting-out,  Closing,  &c.    By  J.  B.  Lbno.    2/0 

Mechanical  Dentistry: 

By  Charlbs  Huntbr.     Fourth  Edition 3/0 

UTood  Bn^raving: 

A  Practical  and  Easy  Introduction  to  the  Art.    By  W.  N.  Brown    .     1  /6 

luaondry  Management. 

A  Handbook  for  Use  in  Private  and  Public  Laaudziet  .    2/0 
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AGRICULTURE,  GARDENING,  ETC. 


DndniBg  and  Bmhanklatf; 

A  Pnctisal  IVemtiae.    By  Pra£.  John  Soott.    With  68  lUnatntioas    1/^ 

Lnpitfation  and  Watar  Supply: 

A  Pnctical  Trottisc  on  Water  MMutowi,  Sewage  Iirigadon,  Warping  ftc : 
cm  the  Cooatnictioo  of  Wells.  Ponds,  Reaervoin,  &c.  By  Ptof.  Jomm 
SooTT.    With  34  lUnttiatioiis 1  /S^ 

Vnnn  Roads,  Fsnoes,  and  Oatas 


A  Pnctical  Treaiiac  oo  the  Roads,  Tramway^  and  Waterways  of  the 
Farm ;  the  Prisdples  of  Enclosures ;  and  the  (uffcrent  kinds  of  Feocc% 
Gates,  and  Stiles.    By  ProL  John  Scott.    With  75  lUostiatioos     .     1  /6 

Buildings : 

A  Practical  Treatise  00  the  Bnildinfs  necessary  for  varioas  kmds  of  Farms^ 
their  Arrangeaticnt  and  Construction,  with  Plans  and  Rtfimaten.  By  Prof. 
Jqum  SooTTp    With  105  Illustrations 2/G^ 

Implsmsnts  and  Machines : 

Treatug  of  the  Application  of  Power  and  Machines  used  in  the  Threshing- 
ham,  Stockyard,  t>airy,  ftc.    By  ProC  J.  Scott.    With  193  Illustratioos. 

2/a 

Viald  Implsmsnts  and  Machines : 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence,  their 
Blanagement,  ftc.    By  Pko£  John  Scott.    With  138  Illustrations  .    2/0* 

AglriLoultnral  SnFveying : 

A  Treatise  on  Land  Surreying,  Levelling,  and  Setting-out ;  with  Directions, 
for  Valuing  Estates.    By  Pr«t.  J.  Scott.    With  6a  IllustratioBS       .     1  /^ 

Vavm  Engineering. 

By  Professor  John  Scott.  Comprising  the  above  Seven  Volumes  in  One^ 
1,150  pages,  and  over  600  Illustrations.    Half-bound   .        .        .         f  2/0^ 

Outlines  of  Farm  Management. 

Treating  of  the  General  Work  of  the  Farm ;  Stock ;  Contract  Work  ; 
Labour,  ftc    By  R.  Soott  Buhn 2/6- 

Oatlines  of  Landed  Estates  Management. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Setting-out  of 
Farms,  Roads,  Fences,  Gates,  Drainage,  ftc.    By  R.  Scott  Burn  .    2.  & 

Soils*  Manures,  and  Crops. 

(VoL  I.   OtITLINBS  OF  MODBRN   FARMING.)     By  R.   ScOTT  BURN  .      2/0> 

Vanning  and  Farming  Economy. 

(Vol.  IL  Outlines  of  Mourkn  Farming.)    By  R.  Scott  Burn    3;0 

Stock:   Cattle,  Sheep,  and  Horses. 

(VoL  III.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn    2/& 

Dairy,  Pigs,  and  Ponltry. 

(Vol.  IV.  OuTUNES  OF  Modern  Farming.)    By  R.  Scott  Burn    2/0 

Utilization  of  Sewage,  Irrigation,  and  Reclamation 
of  Waste  Land. 

(VoL  V.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn  .    2/G> 

Outlines  of  Modern  Farming. 

By  R  Scott  Burn.  Consisting  of  the  abcve  Five  Velumcs  in  One» 
1,950  pp.,  profusely  Illustrated.  haU-bound 1  2/GK 
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Book-keeping  for  FarmerB  and  Estate  Ovnere. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  system  adapted  ibr  aJL 
classes  of  Farms.     By  J.  M.  Woodman.    Fourth  £ditioa  .    2/S- 

Ready  Reckoner  for  the  Admeaeurement  of  I«and. 

By  A.  Akman.  Reused  and  extended  by  C.  Nokkis.   Fifth  EditioB    2/0 

Miller's,     Corn     Xerchant'e,     and    Farmer's    Ready- 
Reckoner. 

Second  Edition,  revised,  with  a  Price  List  of  Modem  Floor  Mill  Marhi— j. 
by  W.  S.  HoTTOH,  CE 2/Q 

The  Hay  and  Straw  Measurer. 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Stmv 
Dealers,  ftc.    By  Johm  Stbbub 2/0' 

Meat  Production* 

A  Manual  for  Prodocen,  DbfKbntors,  and  Coosnmers  of  ButdMn*  Meat. 
By  John  Ewamt 2/S' 

Sheep: 

The  History,  Structure,  Economy,  and  Diseases  of.  By  W.  C  Spoomsb, 
M.R.V.S.    Fifth  Edition,  with  fine  EognTiags         ....    3^ 

Market  and  Kitchen  Gardening. 

By  C  W.  Shaw,  late  Editor  of  "  Gardening  Illustrated**         .       .    3/0^ 

Kitchen  Gardening  Made  Basy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  mad  He^ 
ftc,  with  directions  for  management  all  the  year  round.  By  GaOM»  M.  F. 
Glxnkt.    Illustrated f/^. 

Oottage  Gardening : 

Or  Flowers,  Fruits,  and  Vegetables  ibr  Small  Or^'ww.    By  E.  HoaotAT. 

1/e 

Garden  Receipts. 

Edited  by  Chaklbs  W.  QuiN |/§. 

Fruit  Trees, 

The  Scientific  and  Profitable  Culture  o£  From  the  French  of  M.  Dv 
Brbuil.  Fifth  Edition,  carefully  Revised  by  Gbokgb  Glbnvv.  Wkk. 
187  WoodcttU 3/0. 

The  Tree  Planter  and  Plant  Propagator: 

With  numerous  Illustrations  cf  Grafting,  Layering,  Budding,  Impianaot^ 
Houses,  Pits,  &c.    By  Samubl  Wood 2/0- 

The  Tree  Pruner: 

A  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  Shrubs,  Climbeis,  and. 
Flowering  Plants.   With  numerous  Illustrations.   By  Samubl  Wood     |  /3. 

*•*  TA4  ak«v*  Tw0  V§it,  im  Otu,  kmiuUctmtfy  km^-hvumd^  ^rict  3/6* 

The  JLrt  of  Grafting  and  Budding. 

By  Chakum  Baltbt.    With  Illustratioos 
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MATHEMATICS,    ARITHMETIC,   ETC. 
Desoriptive  Geometry, 

An  Elementary  Treatise  on ;  with  a  Theory  of  Shadows  and  of  Perspective, 
extracted  from  the  French  of  G.  Mongb.  To  which  is  added  a  DeacripdoD 
of  the  Principles  and  Practice  of  Isometrical  Projection.  By  J.  F.  Hbathbs, 
M.A.    With  14  Plates 2/0 

Praotioal  Plane  Geometry: 

Giving  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  C^ometrical  Construction  of  the  GrotuKL  By  J.  F.  Hsatiibx,  M.A. 
With  915  Woodcuts 2/0 

Analytical  Geometry  and  Conlo  Seotions, 

A  Rudimenury  Treatise  on.  Bv  Jambs  Hann.  A  New  Edition,  re- 
written and  enlarged  by  Professor  J .  K.  Young         ....    2/0 

Bnolid  (The  Elements  of). 

With  many  Additional  Propositions  and  Explanatory  Notes ;  to  which  is 

prefixed  an  Introductory  Essay  on  Lof^c.     By  Hbnby  Law,  CE.  .    2/6 

%*  Sold  also  upar^ttly^  vim  : — 

Buolid.    The  First  Three  Books.    By  Hbnry  Law,  C.E.    .        .       .1/6 

Bnolid.    Books  4,  5,  6,  xi,  xs.    By  Hbnky  Law,  CE.     .        .       .1/6 

Plane  Trigonometry, 

The  Elements  of.    By  Jambs  Hamn. 1/6 

Spherical  Trigonometry, 

llie  Elements  of.  By  Jambs  Hank.  Revised  by  Charlbs  H.  Dow- 
ling,  CE 1/0 

*,*  Orwitk  **  The  EUmMts  0/ PImu  Tri£»$toftutry*'  in  On*  Volume^  2 '6 

Differential  Calculue,  O 

Elements  of  the.    By  W.  S.  B.  Woolhousb,  F.R.A.S.,ft&      .       .1/6 

Integral  Oalculae. 

By  HoMBRSHAM  Cox,  B.A. 1/6 

Algebra, 

The  Elements  of.  By  Jambs  H addon.  M.A.  With  Appendix,  containinB 
Miscellaneous  Investigations,  and  a  Collection  of  Problems        .  2/0 

A  Key  and  Companion  to  the  Above. 

An  extensive  Repository  of  Solved  Examples  and  Problems  in  Algebra. 
ByJ.R.  Young 1/6 

Gommeroial  Book-keeping. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.    By  Jambs  Haddon,  M.A. 1/6 

Arithmetic, 

A  Rudimentary  Treatise  on.  With  full  Explanations  of  its  Theoretical 
Principles,  and  numerous  Examples  for  Practice.  For  the  Use  of  Schools 
and  for  Self- Instruction.  By  J.  K.  Young,  late  Professtor  of  Mathematics 
in  Belfast  College.    Thirteenth  Edition 1/6 

A  Key  to  the  Above. 

ByJ.R.  Young 1/6 

Bqnational  Arithmetic, 

Applied  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General 
Commerce ;  with  various  Tables  by  which  all  Calculations  may  be  grmthr 
facilitated.    By  W.  Hipslbv ••     1/6 

Arithmetic,  o  • 

Rudimentaij,  for  the  Use  of  Schools  and  SelMnstruction.  By  Jakks 
Haodon,  M.A.    Revised  by  Abraham  Akman  •     1  /6 

A  Key  to  the  Above. 

By  A.  Arman 1/6 
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Kaihematioal  InstmiiiMits : 

Their  Construction,  Ad|usunent,  Testing,  and  Uw  oondaely  Explained. 

"By  J.  F.  Hbathbk,  M.A.,  of  the  Royal  Military  Academy,  Woolwich. 

Fifteenth    Edition,    Revised,    with    Additions,    by  A.    T.    Walmislay, 

M.I.C.E.    Ori^nnal  Edition,  in  x  toI.,  Illustrated       ....    2/0 

\*  In  0rtUrim£  tkt  a^msr^,  bg  tar^/ul  U  say  "  Origmal  Editt^n"  9r  rmg  tlu 

Httmhtr  in  th*  Series  (39^  t^  tUsiinguish  it  frtm  the  Enlarzid  EdiHtH  in 

3  vols^  (jos/eiiews) — 

Dravrin^  and  If  •asnriii^  Iii8tFiinittiit«i 

Including — I.  Instruments  employed  in  Geometrical  and  Medianical  Draw> 
ing,  and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 
Plains.  II.  Instruments  used  for  Ute  jpuiposes  of  Accurate  Measurement, 
and  for  Arithmetical  Computations.    By  J.  F.  Hsathbr,  M.A.     .      1  /6 

Optical  Instnmiciits. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 

Srodudng  copies  of  Maps  and  Plans  by  Photography.    By  J.  F.  Hbathbb, 
i.A.    lUustnted 1/6 

Surveying  and  Astronomioal  Instniiif«nts« 

Including[— I.  Instruments  used  for  Determining  the  Geometrical  Featnxes 
of  a  portion  of  Ground.  II.  Instnimenu  employed  in  Astronomical  Ob* 
servatiooa.    By  J.  F.  Hsathex,  M.A    Illustrated.  •     1/6 

%*  Tkt  iibcv*  three  volumes /erm  an  enlat^g^ement  of  the  Author's  original  worh, 
"  Mathematical  /Hstruments,"  price  2/0<    {Descnbed  at  to^  ^^age. ) 

Xathematioal  Instnun«nts: 

Their  Construction,  Adjustment,  Testing  and  Use.  Comprising  Drawine, 
Measuring,  Optical,  Surveying,  and  Astronomical  Instruments.  By  j.  r. 
Hbathbk,  M.A  Enlarged  Edition^  for  the  most  part  entirely  re-wntten. 
The  Three  Parts  as  above,  in  One  thick  Volume.         ....    4^/6 

The  Slide  Rule,  and  How  to  Use  It. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal- 
culations with  unexampled  rapidity  and  accuracy.  By  Chaklbs  Hoakb, 
CE.    With  a  Slide  Rule,  in  tuck  or  cover.    Eighth  Edition  .    2/6 

Logarithms. 

With  Mathematical  Tables  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.    By  Hbnky  Law,  CE    Revised  Edition    .  .    3/0 

Ckimponnd  Intereat  and  Annuities  fTheory  of). 

With  Tables  of  Logarithnu  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c,  in  all  their  Applications  and  U«s  for  Mercantile 
and  State  Purposes.    By  Fbdok  Thouan,  Paris.    Fourth  Edition    .    4/0 

Xathematioal  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  CE  Together  with  a 
Scries  ef  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition 4/0 

Kathematics, 

As  applied  to  the  GoostmctiTa  Arts.  By  Fkancis  Camfin,  CE.,  he 
ThttdEdidoB 3/0 

Astronomy. 

By  Ihelste  Rer.  Robbbt  Main.  F.R.S.  Third  Edition,  WTJaad  and  cor- 
rected to  the  Present  Time.    By  W.  T.  LVNK,  F.R.A.S.    .  .    2/0 

Statios  and  Dynamics, 

The  Principles  and  Practice  of.  Embracing  also  a  clear  dcrelopment  of 
Hydrostatics.  Hydrodynamics,  and  Central  Forces.  ByT.  Bakbk,  CB. 
FoBithEditMn ...     1/6 
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BOOKS    OF   REFERENCE   AND 

MISCELLANEOUS    VOLUMES. 

JL  Diotionary  of  Paintars,  and  Handbook  for  Ptoturo 
Amateurs. 

Beinff  a  Guide  for  Visitors  to  Public  and  Prirate  Picture  Galleries,  and  for 
Art-Students,  hiduding  Glossary  of  Terms,  Sketch  of  Principal  Schools  of 
Painting,  ftc    By  PHiLiprK  Darvl,  B. A. 2/6 

PaintiB|r  Popularly  Bzplained. 

By  T.  J.  UULLiCK,  Painter,  and  John  Timbs,  F.S.A.  Indudine  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  I*otiery,  Enamel,  Glass,  &c.  Sixth  Eklition    6/0 

A  Diotionary  of  Terms  used  in  Arohitaotnre,  Build- 
ing, Bntfineering,  If ining,  Metallurgy,  Arckhao- 
ology,  the  Fine  Arte,  &o. 

ByJoHNWBALB.    Sixth  Edition.    Edited  by  R.  Hunt,  F.R.S.    .    6/0 

IVueio : 

A  Rudimentary  and  Practical  Treatise.  With  numerous  Examples.  By 
Charles  Child  Spbncbr .    2/6 

Pianoforte, 

The  Art  of  Playing  the.  With  numerous  Exercises  and  Lessons.  By 
Charlss  Child  Spbncer t  /6 

The  House  Manager. 

A  Guide  to  Housekeeping,  Cookery,  Pickling  and  Preserving,  Household 
Work,  D.iiry  Management,  Cellarage  of  Wines,  Home-brewing  and  Wine- 
making,  Gardening,  &c     By  An  Old  Housbkbepkr       .        .  3/6 

JIanual  of  Domestic  Medicine. 

By  R.  GooDiNC,  M.D.  Intended  as  a  Family  Guide  in  all  cases  of 
Accident  and  Emergency.     Third  Edition,  carefully  revised  .     2/0 

Management  of  Health. 

A  Manual  of  Home  and  Personal  Hygiene.    By  Rev.  Jambs  Baird     1  /O 

Katural  Philosophy, 

For  the  Use  of  Beginners.    By  Charles  Tomlinson,  F.R.S.  .        .1/6 

The  Elementary  Principles  of  ISleotric  Lighting. 

By  Alan  A.  Campbell  Swinton,  M.Inst.CE.,  M.I.E.E.  Fifth 
Edition 1/6 

The  Bleotrio  Telegraph, 

lU  History  and  Progress.     By  R.  Sabinb,  CE.,  F.S.A.,  ftc.    .        .    3/0 

Vandhook  of  Field  Fortification. 

By  Msuor  W.  W.  Knollvs,  F.R.G.S.    With  163  Woodcuts    .        .    3/0 

I^ogic, 

Pure  and  Applied.    By  S.  H.  Emmbms       .       .       •       •       •       .176 

liocke  on  the  Human  Understanding, 

Seleaions  from.    With  Notes  by  S.  H.  Emmbns        •       •       •       •1/6 

The  Compendious  Calculator 

{Intuitive  Caicuiations) .  Or  Easy  and  Concise  Methods  of  Performic^  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Transactions  ;  together  with  Useful  Tables,  &c.  By  Danibl  O'Gobman. 
Twenty-eighth  Edition,  carefully  revised  by  C.  Norris    .        •         -2/6 
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Vaasures,  Weights,  and  Moneys  of  all  Nations. 

With  an  AiudysU  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  WOOLHOUSB,  F.R.AS.,  F.S.S.    Serenth  Edition        .    2/6 

Orammar  of  the  Bntflish  Tongue, 

Spoken  and  Written.    With  an  Introduction  to  the  Study  of  Compandva 
Philology.    By  Hydb  Claricb,  D.C.L.    Fifth  Edition.    .        .        :     1/6 


Diotionary  of  the  English  I«anguage. 

As  Spoken  and  Written.     Containing  above  100,000  Words.     By  Hvdb 
Clakkb,  D.CL. 3/S 

Composition  and  Punotuation, 

Familiarly  Explained  for  those  who  have  neglected  the  Study  of  Grammar. 
By  Justin  Brxnan.    Nineteenth  Edition. 1/8 

French  Grammar. 

With  Complete  and  Condse  Rules  oq  the  Genders  of  French  Nouns.    By 
G.  L.  Strauss,  Ph.D 1/6 

Snglish-Frenoh  Dictionary. 

Comprising  a  large  number  of  Terms  used  in  Engineering,  Mining,  ftc 
ByALFKBD  Elwbs 2/0 

French  Dictionary. 

In    two    Parts — 1.    French^Eaglish.    II.     English. French,    complete    in 
One  VoL 3/0 

French  and  Bnglish  Phrase  Book. 

Containing  Introductory  Lessons,  with  Translations,  Vocabularies  of  Words, 
Collection  of  Phrases,  and  Easy  Familiar  Dialogues  .  .1/6 

-German  Grammar. 

Adapted  for  English  Students,  from  Heyse's  Theoretical  and  Practical 
Grammar,  by  Dr.  G.  L.  Stkauss 1/6 


German  Triglot  Dictionary. 

By  N.  E.  S.  A.  Hamilton.    Part  I.  German-French- English.     Part  II. 
English-German-French.    Part  III.  French-German-English    .  3/0 

German  Triglot  Dictionary. 

(As  above).    Together  with  German  Grammar,  in  One  Volume         .    5/0 

Italian  Grammar. 

Arranged  in  Twenty  Lessons,  with  Exercises.    By  Alfrbo  Elwbs.     1  /6 

Italian  Triglot  Diotionary, 

Wherein  the  Genders  of  all  the  Italian  and  French  Nouns  are  carefullj 
noted  down.    By  Alprkd  Elwbs.    Vol.1.  Italian- English- French.     2/6 

Italian  Triglot  Dictionary. 

By  Alfrso  Elwbs.    Vol.  II.  cnglish-French- Italian  2/6 

Italian  Triglot  Dictionary. 

By  Alfbbd  Elwbs.    Vol.  IIL  French-Italian-Englisk    .        .        .    2/6 

Italian  Triglot  Dictionary. 

(As  above).     In  One  VoL 7/6 

Spanish  Grammar. 

In  a  Simple  and  Practical  Form.  \^th  Exercises.  By  Alfred  Elwes     1  /Q 

Spanish-English  and  English-Spanish  Diotionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
ftc.,  with  the  proper  Accents  and  the  Gender  of  every  Noon.    By  Alfrbd 

Elwbs 4/0 

V  Or  with  ikt  Grammar,  6^0* 
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Portatfnttsa  Orammar, 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfkbd  Elwxs.    1  /^ 

Portu^ttsa -English    and    Bn^ish- Portugese    Dio- 
tionarr. 

Including  a  large  number  of  Technical  Terms  ased  in  Mining,  Engineering, 
&C.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  ALrRXD- 
Elwxs.    Fourth  Edition,  revised 5/(> 

V  Or  with  tht  Grammar,  J/Q. 

Animal  Physios, 

Handbook  of.    By  Dionvsius  Lardnbr,  D.CL.    With  530  Illustrations. 

In  One  Vol.  (73a  pagesX  cloth  boards 7/S 

•»•  Sold  also  in  Two  Parity  as  follows  : — 
Animal  Physics.    By  Dr.  Lardner.    Part  I.,    Chapters  I.— VII.    4/O 
Animal  Physics.    By  Dr.  Lardnbr.    Part  II.,  Chapters  VIII.— XVIII. 

3/a 


SRADBURV,  AGNBW  &  CO.,  LO.,  PRINTBRS,  LONDON  AND  TONBRIDGB. 

[229.17.5.05] 


